ENGINEERING 


at the University of Washington 


In this issue: 


* Saga of the Tacoma Narrows 
Bridge 


* Effect of Extenders and 
Fillers on a Resorcinol- 
Formaldehyde Adhesive 

* Design for a Schlieren 
Apparatus 

* Third Northwest Road 
Conference 


* Fractional Precipitates of 
Barium Sulfonates from 
Water by Ethanol 


* A New Method of Wood 
Pyrolysis 


April, 1950 


VOL. 2, No. 2 


“44 < 
4 
= = 
i 
| 
\ 


‘ 


CCORDING TO HERODOTUS, when Xerxes was 
planning the second Persian expedition against the 
Greeks, in April, 480 B.C. . . . the place of mustering 

was at the Hellespont across which two bridges had been 
constructed . . . by Phoenician and Egyptian engineers. But 
the strength of these bridges was not sufficient and a tempest 
destroyed them. The wrath of Xerxes at this catastrophe was 
violent. He not only beheaded the engineers, but commanded 
that 300 lashes should be inflicted on the waters of the Helles- 
pont. Those who carried out this strange order addressed the 
sea as they scourged it in these words: ‘O bitter water, our 
lord lays this punishment upon thee, for having done him 
wrong who never did wrong to thee, whether thou wilt or not. 
Just is it that no man sacrifices to thee, for thou are a treach- 
erous and briny river.’ . . . The reconstruction of the bridges 
was entrusted to new engineers. Two lines of ships were 
moored across the strait by anchors at prow and stern. The 
line nearer to the Propontis consisted of 360, the other of 
314, triremes and penteconters mixed. Over each of these 
lines of ships six huge cables—two of flax, four of papyrus— 
were stretched ; and in three places gaps were left between the 
ships and under the cables for small trading craft to pass... . 
Planks were laid across the cables and kept in their places by 
a second layer of cables above. On this foundation a road was 
made with wood and earth, and at each side palisades were 
set, high enough to prevent the animals which passed over 
from seeing the water. On a marble throne erected on the 
shore Xerxes is said to have witnessed the passage of his 
army, which began at the first moment of sunrise. The troops 
crossed under the lash, and the crossing was accomplished 
in two days.” 


—J. G. Bury, History of Greece, 2nd Edition, Macmillan and 
Company, 1924. 


f Washington was established in December, 1917, to co-ordinate investi- 

gations in progress and to facilitate the development of engineering and 
industrial research in the University. Its purpose is to aid in the industrial 
development of the state and nation by scientific research and by furnishing 
information for the solution of engineering problems. 

The scope of the work is three-fold : 

(1) to investigate and publish information concerning engineering prob- 
lems of a more or less general nature that would be helpful in 
municipal, rural, and industrial affairs ; 

(2) to undertake extended research and to publish reports on engineer- 
ing and scientific problems ; 

(3) to provide opportunities for graduate engineers to conduct research 
under conditions that will most effectively prepare them for pro- 
fessional service. 

For administrative purposes the work of the Station is organized into nine 
divisions : 

. Aeronautical Engineering 

. Chemical Engineering, Industrial Chemistry 

Civil Engineering 

. Electrical Engineering 

. Forest Products 

Geology 

Mechanical Engineering 

. Mining, Metallurgy, Ceramics 

Physics Standards and Tests 

The control of the Station is vested in a Station Board consisting of the Presi- 
dent of the University, the Dean of the College of Engineering as chairman, 
the Director of the Station, and members of the faculty, representative of the 
administrative divisions. The Board determines the character of the investiga- 
tions to be undertaken and supervises the work. 

The Station offers a substantial number of research fellowships to highly 
qualified graduate students who work under the direct supervision of the fac- 
ulty of the various divisions. The results of the investigations are published in 
the form of bulletins, technical notes, and reports. Reprints of articles by 
members of the engineering faculty and graduate students published in recog- 
nized technical journals are also issued by the Station. Requests for copies of 
the publications and inquiries for information on engineering and industrial 
problems should be addressed to the Director, Engineering Experiment Sta- 
tion, University of Washington, Seattle 5. 
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North cable of the new Tacoma Narrows Bridge seen from 
the east anchorage. The cable (2012-in. diameter when wrapped) 
is compacted, ready for installation of cable bands. Spinning 
was completed on the two cables late in January, during the 
worst weather experienced in northwest Washington in 30 years. 


Photo courtesy of Bethlebem Pacific Coast Steel Corporation 
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BACKSPAN FROM THE TACOMA TOWER 
Looking east, Oct. 28, 1949. Spinning of first two strands just completed. Photo by Simmer 
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THE SAGA OF THE TACOMA NARROWS BRIDGE 


F. BURT FARQUHARSON 
Director, Engineering Experiment Station 


SUSPENSION-BRIDGE LABORATORY 


FTER MANY YEARS of promotion and study, 
plans for a bridge across the Tacoma Narrows 
became firm late in 1938. The fact that this design 
involved the third largest free span ever attempted by 
bridge builders insured that local interest in the pro- 
gram for this structure would be high. Thus when, 
early in 1939, we visited the site, it was only with a 
curiosity and interest normal to the civil engineer. 
On the occasion of this first visit, we became in- 
volved in an argument with the contractor’s engineer 
on the question of the force with which the million- 
pound concrete anchors for the floating caisson would 
strike the bottom when rolled overboard from a barge 
in 120 feet of water. Local engineering opinions on 
this matter covered so wide a range that we were 
requested to determine the answer experimentally. 
A simple series of experiments in the Hydraulic 
Laboratory yielded the resistance coefficient for this 


body, and certain reasonable assumptions provided a . 


calculation of terminal velocity which served to assure 
the engineers that their anchors could be dropped 
without damage. 

This contact whetted our interest in this precedent- 
shattering bridge without indicating in the slightest 
the ultimate record it would achieve or the degree to 
which we would finally become involved. Within a 
few weeks of the completion of the meager anchor- 
dropping tests, improved information on the tidal 
currents in the Narrows suggested the possible need 
of additional caisson anchors. We were invited to 
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tackle this problem and quickly constructed a flow 
channel outside of the Hydraulics Laboratory in 
which a 1/50 scale model of the caisson was investi- 
gated with various types of mooring. These studies 
suggested a change in anchor technique which proved 
to be entirely satisfactory in the field. William Morton 
(Class of °37) was principally responsible for these 
tests. 

When Charles E. Andrew assumed his duties as 
chief consulting engineer for the Washington Toll 
Bridge Authority, one of his early acts was to com- 
mission us to design and construct an erection model 
for this bridge. This model was to 1/100 scale and 
measured 75 feet over all, and was housed in the 
basement of Guggenheim Hall, the only space of this 
size available. The principal assistants in the design 
and construction of this model were Norman Dahl 
(Class of ’39) and Jack Benjamin (Class of ’39). 

As work progressed in the field, evidence began 
to accumulate suggesting that all was not well with 
the plate-girder-stiffened suspension bridges. Dis- 
turbing rumors of wind-actuated fluctuations on the 
Deer Isle and Bronx-Whitestone Bridges became 
prevalent but no consistent information regarding the 
nature of the motions was available. Since the 
Tacoma Narrows Bridge was similar in general form 


L. to R.: R. J. COLE, ERECTION MANAGER, ROEBLING & 
Sons, C. E. ANDREW, CHIEF CONSULTING ENGINEER, WTBA 
Photo courtesy Tacoma News-Tribune 
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STRONG VERTICAL MOTION IN MAIN SPAN 
Model wind velocity approx. 2 ft per sec 
(9.6 mph on prototype) 


to these bridges but had departed strongly from 
precedent in the matter of length-width ratio and 
stiffness in suspended structure, it was inevitable that 
thinking in Tacoma began to shift in the direction of 
aerodynamic considerations. 

Mr. Andrew had long been in favor of building a 
three-dimensional model upon which various types of 
motion could be set up and the effect of conventional 
stays evaluated. Late in 1939 such a model was 
authorized. The design of this dynamic model re- 
quired some study as it involved very complex simili- 
tude relations and no such model had previously been 
built. This model also involved a very large number 
of parts which required careful design and machining 
and involved elaborate apparatus for actuating and 
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maintaining various types of motion. Professor R. Q. 
Brown of the General Engineering Department was 
responsible for the design of the electrical apparatus 
used on this model. The new model was capable of 
duplicating all the modes of motion which by that 
time were beginning to be seen in the field and pro- 
vided an excellent instrument for ascertaining the 
effect of added weight, controlled damping, and vari- 
ous stay arrangements. 

About this time we became aware of a somewhat 
similar vibration phenomenon existing in the field of 
long transmission lines when coated with ice. This 
problem had been analyzed and a plausible suggestion 
made as to the cause of motion which also suggested 
the cure. The appraisal of the motion on the trans- 
mission lines required a static wind-tunnel test of the 
section of the transmission lines and its ice coating. 
Briefly stated, it was found that when the lift force 
developed on the transmission line under wind from 
various directions was plotted against the vertical 
angle of this wind, an unstable section would show a 
region in which this curve possessed a negative slope. 

The two cases seemed so similar that it appeared 
most logical to build an accurate scale model of the 
bridge section and test it in the large wind tunnel at 
the University of Washington, investigating it for 
the possible presence of instability-indicating negative 
slope. Such a model was built to the very generous 
scale permitted by the size of the tunnel and the first 
test indicated that the lift line would indeed have a 
negative slope. Subsequent investigations developed 
a number of devices eliminating this negative slope 
and, it was hoped, stabilizing the structure. Plans 
were developed for installing one of the simplest cor- 
rective measures, and it was about to be rushed into 
production, when the bridge failed in a 42-mile wind 
on November 7, 1940. In true pixie fashion, however, 
the bridgé was destroyed by a torsional motion, where 
all previously noted motion had been of a vertical 
nature. 

The failure and almost complete destruction of 
this bridge created a stir never equalled in modern 
engineering and initiated a controversy regarding 
cause and remedies which has not yet subsided after 
nearly ten years. A board of*engineers was appointed 
by the Federal Works Agency (which had money in 
the bridge) consisting of Othmar H. Ammann, Glenn 
B. Woodruff and Theodore von Karman. In the 
meantime, our studies were pursued at the University 
of Washington looking into the validity of the nega- 
tive slope theory, which had been so hastily studied 
during the last crowded days of the life of the bridge. 
It had been suspected for some time that the model 
tested in the wind tunnel had been too short (that is, 
with too low an aspect ratio). This situation was 
remedied by adding circular end plates to the model 
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and creating in effect a condition of infinite aspect 
ratio. 

To our amazement, the negative slope of the lift 
line upon which our original analysis had been based 
was reversed by increased aspect, and the theory we 
had been following was proved inapplicable. That is 
to say, the basic cause of oscillation of this bridge 
was evidently different from that of the ice-incrusted 
transmission lines. 

By the time the insurance controversy had been 
settled and the claims paid in full, it had been decided 
that the bridge should be rebuilt but that the prelimi-. 
nary initial task was an understanding of the forces 
which had destroyed the original structure and the 
development of a theory upon which a new design 
could safely rest. A consulting board was appointed 
by the Washington Toll Bridge Authority consisting 
of Charles E. Andrew, chairman, John I. Parcel, 
Glenn B. Woodruff, and Theodore von Karman, 
aerodynamicist. In short order it was agreed that 
laboratory studies must be continued and that there 
should be built at the University of Washington a 
wind tunnel capable of testing a 1/50 scale model 
that would accurately duplicate essential details of 
either the old or the proposed new Tacoma Narrows 
Bridge. The old bridge was to be studied in order to 
effect a correlation between field observations of this 
bridge and the motion observed under similar condi- 
tions of the model. The theory employed in the design 
of this model had never 
been tried on such a scale, 
and it was judged necessary 
that proof of its validity be aioe 

The design of the wind We 
tunnel and model benefited aii 
from very generous advice 
from Dr. von Karman. Pro- 
fessor F. C. Smith of the 
Civil Engineering Depart- 
ment assisted extensively, 
and a considerable staff of 
workers was assembled for 
the exacting task of con- 
structing and assembling the 
large number of parts nec- 
essary for such a structure. 

By this time the Public 
Roads Administration had 
joined the Washington Toll 
Bridge Authority as equal 
partners in the sponsorship 
and financing of this proj- 
ect, and a contract was 
drawn up with the Uni- 
versity of Washington. Ap- 
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SECTION MODEL IN PLACE FOR TESTING WITH FULL MODEL RAISED OuT OF WIND STREAM 


proximately a year was consumed in the designing 
and building of the wind tunnel and first model, and 
in October, 1942, wind was blown on this model for 
the first time with the gratifying result that we saw 
the same kind of performance in the laboratory which 
we had seen so many times in the field. 

During this same period, the Washington Toll 
Bridge Authority and the Public Roads Administra- 
tion sponsored a project at the California Institute of 
Technology for the purpose of studying this problem 
through the use of small section models in a very 
small wind tunnel. The project was under the general 
supervision of Dr. von Karman with the actual work 
being done by Dr. Louis G. Dunn. Close and pleasant 
contacts prevailed between the two institutions 
throughout this period and much light was shed on 
the general problem as a result of this cooperation. 

Once the validity of the assumptions essential to 
such a model study had been established, work was 
started on the design and construction of a full model 
of a proposed new design. Before this work had pro- 
gressed very far, George S. Vincent, Principal High- 
way Bridge Engineer of the Public Roads Adminis- 
tration, was attached to the project at the University 
of Washington on an indefinite assignment. He is 
still with us. 

The first proposal for a new bridge followed rather 
conventional lines with deep trusses used as stiffening 
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ERECTION MODEL FOR NEW BRIDGE 


members and the roadway width increased by 50 
per cent. It became evident in the early phases of the 
testing of this model that its behavior under the action 
of wind showed a substantial improvement over the 
original bridge. The gains were in two directions: 
(1) the ubiquitous vertical motion so characteristic 
of the original bridge was entirely absent under all 
wind conditions, (2) the torsional motion developed 
in catastrophic form with a critical wind velocity 
much higher than that observed originally. 

The laboratory investigations made it quite clear 
that a plate-girder-stiffened structure was at its worst 
in a horizontal steady wind while a truss-stiffened 
bridge appeared to be very safe in such a wind but 
developed a progressively lower critical velocity as 
the wind inclined upward. At a vertical angle of +8° 
the critical velocity (the wind velocity at which a 
catastrophic torsion started) was 50 miles per hour. 
By way of contrast, the original bridge was critical 
in torsion in a horizontal wind velocity of less than 
20 miles an hour. 

Numerous studies were made on the new model 
looking into the effect of increasing the stiffness of 
the trusses, adding to total dead weight, and installing 
various types of stays. None of these devices afforded 
an acceptable engineering solution, so it was con- 
cluded that the only satisfactory answer was to be 
found in a radical change in the shape of the sus- 
pended structure. That is to say, the scientific 
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approach to this problem 
would be along the line of 
attempting to eliminate the 
forces which caused the mo- 
tion rather than a search for 
a method of harnessing the 
structure after the forces 
had developed. 

The model with which we 
worked was a very intricate 
mechanism and even the 
slightest change in the shape 
of the suspended structure 
‘required the making of a 
large number of new parts 
and the use of many hours 
in re-tuning the model. Pi- 
loting these studies through 
the use of a section model 
saved many thousands of 
dollars and greatly expe- 
dited a solution. 

Section-model tests which 
were conducted at the Cali- 
fornia Institute of Technol- 
ogy during 1942 and early 
1943 demonstrated the usefulness of the small section 
model as a tool for exploratory study, so a section- 
model installation was designed to be used in the 
existing suspension-bridge tunnel at the University 
of Washington. This model simply comprised a short 
section of the suspended structure about five feet long 
which was cheap to build and could be quite cheaply 
altered even to an extreme degree. This model was 
mounted on specially prepared springs which allowed 
it to oscillate in either vertical motion or torsional 
motion without any bending occurring in the model 
itself. 

It was thus possible by the use of this tool to try 
out a very large number of theories at low cost and 
without great loss of time and then confirm the most 
promising findings by making alterations on the full 
model. Byethis process a number of promising leads 
were revealed, but it was not until longitudinal slots 
in the roadway were proposed by the designing office 
in Tacoma that any real advance was made toward 
the elimination of the troublesome forces. 

With these slots properly proportioned, it was found 
not only that the vertical motion was still absent, but, 
much more significantly, the catastrophic nature of 
the torsional motion had vanished. A very small 
amplitude could be developed over a slight range of 
wind velocities which died out at higher velocities. 
This motion was also very sensitive to change in 
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THE EFFECT OF EXTENDERS AND FILLERS ON 


A RESORCINAL-FORMALDEHYDE ADHESIVE* 


Harry H. BARTELS 
Research Fellow in the Engineering Experiment Station 


Introduction 


In today’s highly competi- 
tive forest products market, 
the large scale utilization of 
materials once classed as 
wood waste has become in- 
creasingly important. An es- 
sential division of this mar- 
ket, the adhesive industry, 
in its search for ways and 
means of reducing the cost 
of adhesives to the manufac- 
turer and his customers, has 
directed attention to the use 
of less costly chemicals in the development of new 
glues and gluing procedures as well as in the improve- 
ment of old formulas and techniques. The more com- 
mon method of reducing glue-line costs, however, is 
by the addition of inexpensive extenders or fillers. 

Unfortunately, some confusion exists as to the 
meaning of the terms filler, extender, and extension. 
For the purpose of correct identification, a filler may 
be regarded as a relatively inert, nonadhesive sub- 
stance that can be added to an adhesive to improve 
its working properties, permanence, strength, or 
other qualities. Fillers include walnut-shell flour 
(glufil), wood flour, clay, gypsum, etc. An extender, 
on the other hand, is a substance which has some ad- 
hesive action of its own and which can be added to 
an adhesive to reduce the amount of the primary 
binder required per unit area. Extenders include 
proteins, starches, flours, dextrins, modified natural 
products, and combinations thereof. Confusion in 
terms has arisen when filler materials have been used 
in large percentages for the express purpose of reduc- 
ing the amount of primary binder or resin solids per 
unit area. In industry this use has been termed exten- 
sion, regardless of the type of material, filler or 
extender, used to achieve the reduction in glue-line 
cost. 


H. H. Bartels 


*Condensed from the author’s thesis submitted for the 
—_ of Master of Forestry, University of Washington, 


APRIL, 1950 


Resorcinol-Formaldehyde Adhesives 


For a long time it has been known that resorcinol} 
will react with formaldehyde to produce resins analo- 
gous to those from phenol and formaldehyde, yet 
resorcinol resins have only in recent years come into 
use as adhesives. The reason for this delay was the 
great difficulty of controlling the resorcinol-formalde- 
hyde reaction to produce resins stable enough for use 
in adhesive formulations. The reaction, when carried 
out under the same conditions as with phenol and 
formaldehyde, proceeds almost explosively to the 
fully cured resin. Because of this lack of proper con- 
trol of the reaction between the resorcinol and the 
formaldehyde, earlier use of resorcinol-formaldehyde 
resins was limited to some molding compositions, 
principally for phonograph records, and various lac- 
quer compositions where a high degree of uniformity 
was not essential. 

Resorcinol, when pure, is a white rhombic-crystal- 
line solid matter resembling phenol. It is prepared 
commercially by treating or sulfonating benzene with 
fuming sulfuric acid to produce metabenzene-disul- 
fonic acid. This acid, when fused with alkali 
(NaOH), forms a sodium salt, sodium resorcinolate. 
This, in turn, is then acidified and hydrolyzed and 
finally extracted as resorcinol. Fig. 1 illustrates these 
steps diagrammatically. The commercial method of 
preparing final stable resorcinol-formaldehyde resins 
involves the addition of formaldehyde to the resor- 
cinol in a two-step process, in the presence of a mild 
catalyst and under controlled heat. The technique 
generally used is that of the slow addition of formal- 
dehyde to the resorcinol, in such a quantity (0.67 
mol formaldehyde to 1 mol of resorcinol) that the 
reaction cannot proceed to completion. Fig. 2 illus- 
trates the chemical reaction between resorcinol and 
formaldehyde, showing the three possible resulting 
structures and the beginning of the chainlike struc- 
tures of the stage-B resin. Generally speaking, the 
linear resin macromolecules present in the stage-B 


+Known or written variously as: (1) 1, 3-benzenediol (name 
approved by the International Union of Chemistry), (2) 
resorcin, (3) 1, 3-dihydroxybenzene, (4) m-dihydroxyben- 
zene, and (5) m-hydroxyphenol. 
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a) Steps involved in preparing resorcinol — 
b) Relative reactivity of phenol and resorcinol 
c) Chemically diagrammatic symbols of benzene 
d) More detailed picture of (a) 
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FIG. 2 


a) Reaction between resorcinol and formaldehyde showing three 
possible resulting structures 

b) Beginning of a chainlike structure resulting from combination 
of resorcinol with the first structure in (a) 

c) Beginning of chainlike formation of linear macromolecules 
resulting from combination of resorcinol with the third 
structure in (a) 


Fic. 3 


Portion of a possible molecule forming the complex condensation 
product which is the cured adhesive 
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resin are of varying lengths, and little if any cross 
linkage has occurred in this stage. It is best to think 
of these linear macromolecules as rod-shaped because 
they possess depth which cannot be illustrated conve- 
niently on paper. In preparing the resin for use as an 
adhesive, paraformaldehyde (as an accelerator or 
hardener) is added to complete the reaction through 
the formation of a molar excess of formaldehyde. The 
resin is thus hardened into a more complex, cross- 
linked, infusible and insoluble product which is illus- 
trated in Fig. 3. This complex structure is called a 
stage-C resin as it represents a condensed polymer 
of high molecular weight. 

Because the resin-forming reaction involves the 
substitution of hydrogen atoms on the benzene ring, 
resorcinol reacts much more strongly than phenol. 
The presence in the resorcinol molecule of two hy- 
droxyl groups, which direct or orient chemical activ- 
ity and doubly activate the three reactive positions on 
the benzene nucleus, accounts for the extreme ease 
with which the resorcinol reacts with formaldehyde 
(Fig. 1-b). 

The advantages of resorcinol resin adhesives over 
existing urea, melamine and phenolic adhesives are 
several. The fact that they are both cold- and hot- 
temperature setting under substantially neutral con- 
ditions permits observation of the effects of extender 
and filler materials upon their adhesive qualities 
under the two methods of cure. The increased 
strength of glue joints made with resorcinol adhesives 
as compared with those made with other cold-setting 
resins has been attributed to the absence of any 
strong acids and their possibly harmful effects on the 
wood. Furthermore, completely stable resin syrups 
can be prepared which, when mixed with a liquid or 
powder hardener, have a usable life of several hours 
prior to setting. Since resorcinol is also compatible 
with the newest form of glue-line curing or setting, 
R-F (radio-frequency) or electronic heating, this 
method was selected as the means of curing by heat. 

Strong bonds are obtained with wood, plastics, and 
a wide variety of other materials, and the neutral 
nature of the bond provides a widespread application 
for these resins. They are particularly useful as gen- 
eral-assembly adhesives, finding special application in 
bonding thick sections where heat transfer to the 
glue line is slow. Synthetic fibers which are destroyed 
by strong heating are also conveniently bonded “cold” 
with these resins. It is unfortunate that the many 
advantages of these resins, which approach the ideal 
for thermosetting adhesives, are offset by the ex- 
tremely high cost of the resorcinol. Despite this dis- 
advantage, these resins are becoming increasingly 
popular, and their more widespread use, together 
with the use of copolymer modifications of resorcinol 
and phenolic resins as well as the use of compatible 
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extender or filler materials, may serve to reduce their 
cost. The author selected corn gluten as the extender 
material, and walnut-shell flour (glufil) and a wood 
flour as the filler materials in his experiments. 


Experimental Procedure 


Glued laminated members, from which step shear 
blocks were cut and shear tests made, were selected 
and prepared from 2-in. by 8-in. by 14-ft Douglas fir 
stock. The original 8-in. wide flat-sawn planks were 
ripped into seven strips of equal width, and each was 
appropriately marked as Lamination No. 1, 2, 3, etc. 
The strips or laminations were then fitted together 
so that they occupied the same positions as they did in 
the original plank, and each entire set was designated 
as Beam A, B, C, etc. In each instance the stock was 
ripped at least one month prior to the time of final 
surfacing and gluing, and the beams were stored 
under optimum conditions of humidity and tempera- 
ture. Following the surfacing of the laminating strips 
24 hours prior to the time of gluing, they were again 
reassembled in their original positions in the beam, 
and clear 9'4-in. sections were removed by sawing. 
These sections, each composed of seven laminations 
of clear wood only, were designated as Panel No. 1, 
2, 3, etc., consecutively from one end of the beam. In 
this manner, Lamination No. 1 in Panel No. 12 of 
Beam A, for instance, is a continuation of the wood in 
Lamination No. 1 in Panel No. 1 of the same beam. 
The 914-in. length was chosen as it was conveniently 
accommodated in the “Carver” hydraulic press at the 
R-F generator. 

The author prepared a base resorcinol resin with 
60 per cent solids according to the method described 
in his thesis submitted in partial fulfillment for the 
degree of Master of Forestry. This resin, with the 
appropriate addition of paraform hardener, consti- 
tutes Formula I in all of the accompanying tables. 
Tables I, II, and III show six glue formulas each, 
five of which contain different proportions of the ex- 
tender or filler material used. The extender and filler 
materials range from 20 per cent to 100 per cent of 
the weight of the dry resin solids in the resin solu- 
tion, exclusive of the paraform used as the hardener. 
To prepare each adhesive, the extender or filler was 
stirred into the resin solution by hand until the glue 
was smooth. Ethyl alcohol (95 per cent) was then 
added until a suitable spreading consistency was ob- 
tained, and finally the paraformaldehyde was added. 
In adding the ethanol, an attempt was made to dupli- 
cate the viscosity of Formula I, i.e., the plain resin 
solution before the addition of the paraform hardener. 
With high percentages of corn gluten and wood flour, 
however, this could not be accomplished, and only a 
sufficient amount of ethanol was added to make the 
solution spreadable. 
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As an example of the gluing procedure, let us con- 
sider adhesive Formula No. I and Panels No. 1, 2, 
3, and 4, of Beam A. The prepared adhesive was 
applied uniformly by brush on one surface of each 
lamination, and frequent checks by weighing assured 
a constant spread of 50 pounds of glue per thousand 
square feet of single glue line. As soon as all lamina- 
tions of the panel were spread, they were assembled 
immediately, and the panel was placed in position for 
clamping. In the case of cold pressing, the closed 
assembly times ranged from 10 to 20 minutes; in 
curing by R-F, a uniform assembly time of 10 min- 
utes was maintained. Panels No. 1 and 2 were cold 
pressed while Panels No. 3 and 4 were cured by R-F, 
and all were bonded with the same adhesive formula. 
The same procedure was followed with panels num- 
bered 5 to 12. 

In these experiments, the author used a gluing 
pressure of 150 psi in all cases. In cold pressing, this 
pressure was applied by means of a torque wrench 
used upon the set of clamps that secured each pack- 
age. A temperature of 75° F was maintained in a 
curing chamber by means of a thermostatic control 
throughout the entire 24-hour curing period. A 
Mann-Russell Electronic Generator, Model No. 133, 
served as the source of R-F power for curing the 
panels at elevated temperatures. The generator was 
coupled to aluminum electrode plates by copper leads. 
The plates were fitted to a hydraulic Carver Labora- 
tory Press in such a manner that the plate surface 
was perpendicular to the glue lines, and a one-minute 
curing time was used. 

Following the curing of the panels and a final con- 
ditioning and storage period, they were surfaced and 
prepared for testing. Three stairstep-type shear speci- 
mens were cut from each of the laminated panels. 
One shear specimen was prepared for testing the 
shearing strength of the dry glue line, one for testing 
the shearing strength of the dry wood, and one for 
testing the shearing strength of the wet glue line of 
blocks that were subjected to 12 hours of continuous 
boiling in water. 


Results and Discussion 


Douglas fir timbers and other laminated wood 
products intended for exterior use are expected to _ 
perform satisfactorily under conditions as severe as 
continuous soaking in water, alternate soaking and 
drying, and exposure to steam and high temperatures, 
without serious delamination of the glue joints. In the 
author’s experiments, panels not showing an average 
dry shear value of 1100 psi, or greater, together with 
an average wood failure of not less than 75 per cent, 
and an average wet shear value of 756 psi, or greater, 
together with an average wood failure of not less than 
75 per cent, will be considered as not having been 
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TABLE I 
FORMULAS FOR ADHESIVE PREPARATION CONTAINING VARIOUS PROPORTIONS OF CORN GLUTEN EXTENDER 
ADHESIVE FORMULAS 
COMPONENTS 
I II III IV V VI 
Resin solution (60% solids in 95% ethanol), grams..... 100 100 1 100 100 
7.5-7.6 | 7.8-7.6 | 7.8-7.6 | 7.5-7.6 | 7.5-7.6 | 7.5-7.6 
0 12 24 36 48 60 
Corn gluten, per cent extension’...................... 0 20 40 60 * 80 100 
Ethyl powret eer 0 0 20 30 50 65 
Resin solids content of the adhesive, per cent*.......... 60 54 42 36 30 27 
echs solids per M sq ft of glue line, Ib’............... 30 27 21 18 15 13.5 
v 
TABLE II 
FORMULAS FOR ADHESIVE PREPARATION CONTAINING VARIOUS PROPORTIONS OF WALNUT-SHELL FLOUR 
ADHESIVE FORMULAS 
COMPONENTS 
I II III IV V VI 
Resin solution (60% solids in 95% ethanol), grams... .. 100 100 100 100 100 100 
Walnut-shell flour, per cent extension'................. 0 20 40 60 80 100 
0 0 0 15 30 45 
Resin solids content of the adhesive, per cent®.......... 60 54 43 40 34 29 
esin solids per M sq ft of glue line, Ib’............... 30 27 21.5 20 17 14.5 
TABLE Ill 
FORMULAS FOR ADHESIVE PREPARATION CONTAINING VARIOUS PROPORTIONS OF WOOD FLOUR 
ADHESIVE FORMULAS 
COMPONENTS 
I II III IV VI 
Resin solution (60% solids in 95% ethanol), grams..... 100 100 100 100 100 100 
ape 7.5-7.6 | 7.8-7.6 | 7.5-7.6 | 7.5-7.6 | 7.5-7.6 | 7.5-7.6 
Wood flour, per cent extension'....................... 0 20 40 60 80 100 
Ethyl alcohol id 0 5 10 25 45 70 
- Resin solids content of the adhesive, per cent®.......... 60 51 45 37 31 26 
eg 10 10 10 10 10 10 
esin solids per M sq ft of glue line, Ib’............... 30 ye 22.5 18.5 45.5 13 


'The percentage of extender is on a dry resin solids basis exclusive of the paraformaldehyde and solvent. 
Ethyl alcohol (95%) is added to the adhesive until a suitable spreading consistency is obtained. 
*The percentage of resin solids is on a total weight basis exclusive of the pa araformaldehyde. 
‘The pH recorded is that of each adhesive formula after the addition of the paraformaldehyde. 
5The adhesive spread used is 50 Ib per thousand square feet of «lue line. 
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TABLE IV 


SUMMARY OF TEST RESULT AVERAGES FOR ADHESIVE FORMULAS CONTAINING CORN GLUTEN 
COLD-PRESS CURE RADIO-FREQUENCY CURE 
‘ Shear Strength, Wood Failure Shear Strength, Wood Failure 
Formula , and Glue-Line Efficiency and Glue-Line Efficiency 
0. Extension Shear Wet Shear Shear Wet Shear 
GLE (%) GLE (%) 
psi % psi % psi % psi 
ae 0 1593 (12) | 100 99 800 (12) 97 1511 (12) | 100 94 841 (12) | 100 
| ROS Sy. 20 1513 (12) | 100 116 826 (12) 95 1523 (12) | 100 100 851 (12) 
Pa 1 ened 40 1398 (12) | 85 82 792 (11) 94 1470 (12) | 99 90 828 (12) 
neal 60 693 (12) 4 40 219 (12) 6 1039 (12) | 58 63 646 (12) 
eee 80 571 (12) 2 34 305 (12) 9 1165 (12) | 52 76 552 (12) 
Ves 100 540 (11) 0 33 339 (12) 3 666 (12) | 22 43 345 (12) 
v 
TABLE V 
SUMMARY OF TEST RESULT AVERAGES FOR ADHESIVE FORMULAS CONTAINING WALNUT-SHELL FLOUR 
COLD-PRESS CURE RADIO-FREQUENCY CURE 
Shear Strength, Wood Failure Shear Strength, Wood Failure 
Per and Glue-Line Efficiency and Glue-Line Efficiency 
No. xtension Shear Wet Shear Shear Wet Shear 
GLE (%) GLE (%) 
psi % psi % psi % psi 
ae 0 1963 (12) | 100 97 957 (12) 98 2037 (12) | 98 96 883 (12) 
eee 20 2077 (11) | 98 91 919 (11) 98 2142 (12) | 100 92 963 (12) 
ae 40 2065 (12) | 96 98 990 (12) 95 2171 (12) | 100 92 1031 (12) 
| PEER 60 1643 (12) | 95 97 790 (12) 88 1709 (12) | 93 95 881 (12) 
, Ferre 80 1212 (12) | 33 63 722 (12) 59 1574 (12) | 83 82 822 (12) 
5 Cee 100 366 (12) 6 25 360 (12) 9 1478 (12) | 73 72 669 (12) 
TABLE VI 
& SUMMARY OF TEST RESULT AVERAGES FOR ADHESIVE FORMULAS CONTAINING WOOD FLOUR 
COLD-PRESS CURE RADIO-FREQUENCY CURE 
7 Shear Strength, Wood Failure Shear Strength, Wood Failure 
Formula Per onink and Glue-Line Efficiency and Glue-Line Efficiency 
o. xtension Shear Wet Shear Shear Wet Shear 
GLE (%) GLE (%) 
psi % psi % psi % psi 
| hoe 0 1243 (12) | 95 73 714 (12) | 100 1379 (12) | 92 81 761 (12) | 100 
: ee: 20 1081 (10) | 67 68 513 (12) 71 1415 (12) | 93 88 702 (12) 
i) oe 40 731 (11) | 29 44 275 (12) 28 1402 (12) | 83 82 754 (12) 
PRE - 60 Delaminated| .. Delaminated| .. 1337 (12) | 47 90 636 (12) 
atc lipid 80 Delaminated Delaminated 975 (12) 16 59 364 (12) 
WE Se ha 100 Delaminated Delaminated 790 (10) | 11 50 161 (12) 


Note: Parenthesis enclosed figures following the average shear values for each adhesive formula represent the total number of samples 


involved in the determination of those averages. 
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well bonded. The particular adhesive formula that 
bonded such panels will, therefore, be considered too 
poor a formula to use for laminating purposes. 

Since the limitations of the block-shear test and 
its accompanying wood-failure estimates have long 
- been recognized, the suggestion had been made that 
shear tests of the glue line and similar tests of the 
adjacent wood might be a more accurate method of 
determining the quality of the glue joints. A compari- 
son of the strength of the glue line and the strength 
of the wood in the strongest adjacent lamination 
affords a means of evaluating the efficiency of the 
glue joint. The author, therefore, used this method 
in support of the usual shear-value and wood-failure 
estimate method of determining the quality of the 
various adhesive formulas. 

Tables IV, V, and VI present a summary of the 
detailed test results of the author’s experiments on 
the effect of extender and filler materials upon the 
shear strength of a resorcinol-formaldehyde adhesive 
as determined by two methods of cure. Results ob- 
tained during this investigation indicate that : 


1. The resorcinol resin adhesive can be extended with 
as much as 40 per cent of corn gluten by weight on 
the basis of resin solids, and still pass the standards 
required for an exterior type of cold-setting ad- 
hesive. Radio-frequency curing produced slightly 
stronger and more durable bonds, especially in the 
higher extensions, but does not permit a greater 
extension than the 40 per cent obtained by cold 
pressing. 

2. The resorcinol resin adhesive can be extended or 
filled with at least as much as 60 per cent of wal- 
nut-shell flour by weight on the basis of resin 
solids and still pass the standards required for an 
exterior type of cold-setting adhesive. Radio-fre- 
quency curing permitted an extension of at least 
80 per cent and, in general, produced stronger and 
more durable bonds than did cold pressing. 

. The resorcinol resin adhesive cannot be extended 
or filled with the wood flour used when cold 
pressed ; at least, the extension possibilities would 
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seem to be well under 20 per cent. Radio-frequency 
curing permitted an extension of possibly 40 per 
cent and, in general, produced slightly stronger 
and more durable bonds than did cold pressing. 

4. Of the three materials tested, walnut-shell flour 
performed best as a filler with the reso¥cinol resin 
adhesive used in these experiments. 

5. All of the adhesive formulas used proved to be 
compatible with the radio-frequency method of 
curing ; no arcing occurred. This method of cure 
produced slightly stronger and more durable bonds, 
especially in the higher percentages of extension, 
than did the cold-press method; but this fact 
should not be judged to be solely the result of the 
high frequency involved. It is conceivable that, if 
any other method of curing at elevated tempera- 
tures had been used, comparable results would 
have been produced. 


In general, wood flour proved to be a very erratic 
and puzzling filler material for use with resorcinol 
resin. It has been suggested that the hemicellulose 
fraction of the wood flour may combine with the 
paraform making less paraform available to set or 
cure the resin. This does not explain, however, why 
an addition of up to 100 grams of paraform to For- 
mula IV failed to set or cure the resin. As a further 
check on this problem and on the reliability of the 
original resin solution used, the author extended or 
filled the resin with as much as 200 per cent by weight 
of talc based on the resin solids and still obtained a 
good casting without increasing the amount of para- 
form used throughout these experiments. Prelimi- 
nary experiments with talc, however, showed that it 


-did not perform satisfactorily as a filler material for 


resorcinol adhesives. 

It will be noted, in general, that the glue-line effi- 
ciency values follow closely the glue-line shear values 
and their corresponding wood failures. In cases 
where the glue lines were stronger than the strongest 
adjacent piece of wood, the efficiency exceeds 100 
per cent ; however, in such cases those joints should 
be considered as only 100 per cent efficient. 


ENGINEERING RESEARCH FELLOWSHIPS 


A substantial number of graduate research fellow- 
ships in engineering will be available beginning 
October 1, 1950, at the University of Washington, 
through its Engineering Experiment Station. The 
strategic location of the University, together with a 
staff of high caliber and excellent laboratory facilities, 
provides opportunities for research in all fields of 
engineering, including aeronautical engineering, for- 
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est products, and engineering geology. 

A graduate research fellowship in engineering 
carries a grant of $1,650 for five quarters, available 
at the rate of $110 per month, and requires that the 
academic load be reduced to approximately one-half. 

Applications may be submitted at any time to the 
Director of the Engineering Experiment Station, 
University of Washington, Seattle 5, Washington. 
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DESIGN OF A SCHLIEREN APPARATUS * 


JAMEs H. BROWN 
Research Fellow in the Engineering Experiment Station 


Introduction 

To render supersonic air- 
flow visible, three means 
are available: the inter- 
ferometer, a very delicate 
instrument which gives 
good quantitative results, 
the shadowgraph, an in- 
strument which, though 
simple, gives only qualita- 
tive results for the relatively 

See violent variations in the 

airflow, and the Schlieren 

apparatus, which lies midway between the shadow- 

graph and the interferometer both in complexity and 
in value of the results obtained. 

At the supersonic laboratory of the University of 
Washington, where one stipersonic wind tunnel has 
been constructed and another is under way, the 
Schlieren apparatus described in the following pages 
was designed and is in current use. Typical shock- 
pattern photographs are shown in Figs. 1, 2, and 3. 


Fic. 1. DOUBLE-WEDGE AIRFOIL 
(Knife-edge horizontal) 


Basic Method 


The Schlieren method depends upon the deflection 
of light rays by density gradients and density dis- 
continuities in the supersonic airflow. The density 
of the air determines the index of refraction for 
visible light by the following relation: 


Fic. 2. HOLLOW-GROUND WEDGE 
(Knife-edge vertical) 


n=1+0.000294 00 


where 
n=index of refraction 
o=density of the gas 
Po=density at 0° C and 760 mm Hg 


For a density discontinuity, the angle of deviation 
for grazing incidence, according to Snell’s law, is 
1+0.0002945, 


* Condensed from UWAL Report 304, 1949, by the same 


Fic. 3. HOLLOW-GROUND WEDGE 
author. i 


(Knife-edge horizontal) 
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Fic. 4. BASIC SCHLIEREN ARRANGEMENT 


SITY DISCONTINUITY 
(PLANE SHOCK WAVE) 
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Fic. 5. CONVERGING LIGHT IN A FINITE FIELD 


LIGHT TEST TO 
SOURCE’ SECTION N 


Fic. 6. ARRANGEMENT FOR FINITE DEPTH OF OBJECT 
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Fic. 7. SINGLE-PASS ARRANGEMENT 


—PARABOLIC MIRROR 
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Fic. 8. DOUBLE-PAss ARRANGEMENT 
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Fic. 9. DEFLECTION AT THE FOCAL POINT 
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where 1, and gz are the lower and higher densities 
respectively. For a density gradient the ray of light 
may be shown to have a radius of curvature given by 


1 Gradn . 
Si 


n 
R n , 


where 
¢=angle between ray and Grad n 


Grad n=gradient of index of refraction 


Consider now an optical arrangement as shown in 
Fig. 4. The light source is a brilliant spot, small but 
of finite size. The point P is illuminated by a ray of 
light from each point in the source. Similarly every 
other point in the plane of P (broken line) is illumin- 
ated by a ray from each point of the source. The 
lens Lz forms an image of the plane of P on the 
screen. The image is thus a uniformly illuminated 
disc. If now a knife-edge is introduced part way 
across the image of the source, the image of the 
plane will be uniformly darkened. Each point in 
the source contributed equally to the illumination 
of the plane and hence the cutting out of a certain 
percentage of the source results in a corresponding 
reduction of the illumination of the disc. 

If now a density gradient appears at point P only, 
light rays through P will be deflected. If the de- 
flection is upward, more rays from P escape over the 
knife-edge, and the image of P on the screen appears 
as a bright spot relative to its surroundings. If the 
deflection is downward, the image of P will appear 
as a dark spot. 

If now a supersonic nozzle is inserted in the 
plane of P, the density gradients will show up as 
light and dark areas on the screen. Thus, a visual 
indication of flow conditions in the nozzle is avail- 
able. This procedure is known as the ‘‘Schlieren 
method.”’ 


Modified Arrangement 


Two mddifications of the basic optical system 
described were found necessary. If the tunnel is of 
finite thickness, the use of converging light is im- 
practical (Fig. 5). The shock wave will affect all 
light rays between A and B. Furthermore, ray A is 
affected by all density gradients between EC 
and FD. 

A setup as shown in Fig. 6 removes this difficulty 
by using parallel light. Lens (1) renders the light 
parallel, while Lens (2) forms the image of the source. 

The second modification is the substitution of 
mirrors for the lenses. A highly corrected lens six 
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inches in diameter would be prohibitively expensive. 
Mirrors are not only less expensive, but do not ex- 
hibit chromatic aberration which is inherent in un- 
corrected lenses. 

The choice of the layout was partially dictated by 
space requirements. One of the tunnels is located 
almost against a wall which precludes the possibility 
of using the setup shown in Fig. 7. The double-pass 
system (Fig. 8) was therefore chosen. The light 
source, knife-edge, and camera are all located on 
one table, which makes a compact arrangement. 


Mirror 


A mirror diameter of 6 in. was chosen quite 
arbitrarily. This diameter serves the 3-in. by 3-in. 
tunnel satisfactorily and will serve a larger tunnel 
if one is built. 

Two mirror shapes, spherical and parabolic, were 
considered. The spherical shape was rejected be- 
cause of spherical aberration. The parabolic shape 
was considered on the following grounds. 

If the cross section of the mirror has the equation 
y’=4fx, light from a point source f distant from the 
origin will be reflected as a parallel beam of light. 

The question of the optimum focal length im- 
mediately arises. What effect will the variation in 
focal length have on the sensitivity? The sensitivity 
of the double-pass system may be expressed as 


AE _ 
where 
¢=minimum angular deflection in one pass which is 
observable on the screen 


= minimum percentage change in illumination 


which is observable on the screen 
f=focal length of the lens or mirror 
a=the depth of that part of the image of the light 
source which is passing over the knife-edge. 


To understand the reasoning behind this formula, 
consider Fig. 9. The light passing through point P 
is given a deflection « which corresponds to the 2e 
given above. This deflected beam strikes the mirror 
face at point P’. Obviously the angles a and a are 
equal. A ray of light parallel to the mirror axis 
would be reflected to cross the mirror axis at the 
focal point, f distant from the vertex of the mirror. 
Thus, by the simple law of reflection «=a, =a, and, 
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the deflection at the focal point where the knife- 
edge is located is given by 
b=af 

Note that this result is independent of the location 
of P and that the sensitivity of the instrument is 
thus a constant, irrespective of the location of the 
density gradients relative to the mirror face. 

Consider now the image of the source slit as cut 
by the knife-edge. The illumination of the screen, E, 
is proportional to the distance a. Thus, the change 


‘in a due to a density gradient will produce a cor- 


responding change in illumination. 


E=ka 
E+AE=k (Aa+a) 
AE 
But Aa is given by 2ef. 
Therefore, 
AE _ 2f 


At first glance it would appear that the larger the 
value of f, the smaller would be the value of «. How- 
ever, the factor a should be considered. The equa- 
tion states that the smaller the value of a, the 
smaller the value of e. But suppose that the value 
of a is made very small. Then the background 
illumination of the screen will become very small 
also. But with a screen very dimly lit, the minimum 


value of a which the eye or a film could detect 


becomes very large, and hence the value of e will 
also become large. 

Some further determination of a must therefore 
be made. According to Schardin, the illumination 
of the screen is given by 


nBba 


where 

B=surface brilliance of the lamp used 

b=length of image of slit source 

a=width of image of slit source passing over the 
knife-edge 

n=coefficient which accounts for stray light 
losses, dust, and light loss at reflection from 
mirrors 

t=distance from knife-edge to image screen or 
film. 


The dependence of E on B is obvious. Since ba is 
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POSITIONS OF SCREENS 
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Fic. 10. POSITION OF SCREEN FOR GIVEN MAGNIFICATION 


the area of the wedge of light passing over the knife- 
edge, the dependence of E on ba is also logical. The 
more light escaping over the knife-edge, the brighter 


will be the screen. The dependence of E on oa 


may be seen from the sketch of Fig. 10. 

If a full-size image of the streak, or density 
gradients, is desired, thent=f. If a double-size image 
is required, then t=2f. Since the same amount of 
light is available for all different sizes, the amount 
of light per unit area of the screen, or the intensity 
of illumination, will fall off as the square of ¢. For 
convenience, assume that a full-size image is re- 
quired. Then t=f and 


Substituting this expression into the value for e, 
and using a particular desired value for E, the 


a 


minimum observable value of = and the lamp 


constants, B and b,,,., we have 
e=Kf 


Thus, it is seen that the shorter the focal length, 
the more sensitive will be the instrument. However, 
other considerations again limit the focal length. 
The only point at which a light source may be placed 
to give parallel light is on the optical axis, yet the 
lamp must be placed off the axis to avoid interfering 
with the reflected light path. If the mirror has some 
particular diameter, the angle between the incident 
and reflected ray at the vertex of the mirror will 
become greater as the focal length becomes shorter. 
It might be expected that the arrangement shown 
in Fig. 11 would not give strictly parallel light. It 
might also be: expected that the deviation from 
parallelism would become greater as 6 became 
greater. This is, in fact, the case. 

First of all, the phenomenon of astigmatism ap- 


where 
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pears. This defect consists of the mirror forming an 
image of the vertical lines in one plane while form- 
ing an image of the horizontal lines in a different 
plane. However, the knife-edge, if vertical, may be 
inserted into the light path at the image of vertical 
lines and, if horizontal, at the image of horizontal 
lines. Thus, the astigmatism will have almost no 
effect on the formation of the image of the light 
source. On the other hand, the parabolic mirror, in 
conjunction with the camera lens to be described 
later, produces the image of the density gradients 
on the camera film. Here the astigmatism will be a 
serious defect if the angle is large, though, according 
to Liepmann and Puckett, an angular displacement 
of less than six or seven degrees should cause no 
serious astigmatic effects. 

Suppose a mirror of 6-in. diameter is set up with 
the light source offset a distance of 4 in. Suppose 
also that the focal length of the mirror is 96 in. Then 
the angle formed by the ray of light impinging on 
the geometrical center of the mirror is 

6=sin— 
f 
or, for the values given, 
6=2° 23’ 16”. 

The 4-in. displacement of the source provides 
5 in. in which to mount the prism. This is sufficient 
to provide an adequate mount without interfering 
with the reflected light. With the setup as given 
above, the amount of deviation from the central 
ray can now be calculated. 

At the given point (x, y) on the parabolic mirror 
(Fig. 11) there will be zero, one, or more values of 
D which will make the angle ¢ equal to the angle 0, 


\ | 


Fic. 11. EFFECTS OF OFFSET LIGHT SOURCE 


THE TREND IN ENGINEERING 


| 
| 
| | 
| | 
| 
| 
| 
} > | 
) Na 
x 
ad +% 


If ¢=6, the light reflected at (x, y) will be parallel 
to the light reflected from the geometrical center of 
the mirror, the desired effect. Therefore assuming 
that ¢=8 and solving for D, 


Assigning to d the value (—4’’) -= ft 


D= 


8+-V 63—5/9—y—0.00130208 y* 
2 


From the above analysis, it may be seen that the 
slit source may be placed in any one of a large 
number of positions. However, at each position 
chosen, the light reflected will be parallel to the 
central ray at only one point. All other rays of light 
will deviate from parallelism with the center ray by 
a greater or less degree. Since the light source must 
be placed at only one position, that position must 
be chosen to keep the reflected light at all points 
across the mirror as nearly parallel to the central 
ray as possible. 

Obviously, the best value of D is seen to occur at 
the (y=0) point. Therefore, we may assume that 
D=7.9861 ft and use this value throughout the 
calculations which follow. If the angle of deviation 
of a given ray from the parallel with the central ray 
is called A, the following equation must hold: 


A=2y+a—0—180° 


180° 


= —1 —{i 
A=2 tan D 

When A vs. y is plotted, it may be seen that the 
maximum deviation from parallelism with the cen- 
tral ray is 614 seconds of arc. After passing to the 
plane mirror and being reflected to the parabolic 
mirror once more, the ray will strike the parabolic 
mirror at a point 0.009 in. from the point of first 
reflection. The value of A varies only to a very slight 
degree in a distance of 0.009 in. Thus, the ray of 
light is reflected almost back on itself and, if we 
neglect the 0.009 in., the light strikes the parabolic 
mirror the second time at the small spot from which 
it originally left. Thus, after a second reflection 
from the parabolic mirror, the light ray will deviate 
from the path it should follow to form a perfect 
image by 

2A = 12.67 seconds. 


Thus, at the focal point, the converging rays will 


APRIL, 1950 


form a “circle of confusion’? with a diameter of 
0.0059 in. 

Consider now the effect of diffraction. The ex- 
pression for the resolving power of a circular opening 
is given by 


7.05 
r 
where 
6=smallest angle in seconds resolvable by the 
opening 


r=radius of the opening in centimeters. 


Thus, after passing through an opening, the light 
from a point source infinitely far away may not be 
focused to a point, but only to a central disc of 
angular radius given by $. Surrounding the central 
disc will be a series of light and dark rings. The 
expression applies to any opening—lens, mirror, or 
open diaphragm. 

Application of the above expression will give only 
an approximation rather than an exact answer. 
However, the Fresnel diffraction of the instrument 
differs only slightly from the Fraunhofer diffraction 
as given in the equation. Applying the equation to 
the passage of the light rays from the lamp “‘through”’ 
the parabolic mirror gives a “‘circle of confusion” 
with angular diameter 


28=1.85 seconds. 


Thus, due only to the first passage of the light 
“through” the parabolic mirror, the image of a point 
source will become a disc of diameter 0.0009 in. 

The geometry of the system, to be ideal, should 
produce a ‘“‘circle of confusion” of the same size as 
the diffraction disc. Further refinement would re- 
veal no more detail and would be without justifica- 
tion. In the case computed, the diffraction disc due 
to one opening only is about one seventh of the 
geometrical ‘‘circle of confusion.’”” Thus, the geom- 
etry of the system, which is not perfect, at least 
approaches the ideal case. 

The only further specification for the mirrors is 
the degree to which they approach the mathematical 
figures. Lord Rayleigh states that light waves must 
arrive at a focus with a difference in path not to 
exceed one-quarter wave length. Thus, if the 
largest “bump” on the mirror is one-eighth wave 
length, Rayleigh’s condition is satisfied. Accordingly, - 
the mirrors used are plane or parabolic to within 
one-tenth wave length of the principal sodium 
doublet. 


(Continued on page 31) 
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Third Northwest Road Conference 


ROBERT G. HENNES 
Professor of Civil Engineering 


PPROXIMATELY 350 engineers attended the 
Third Northwest Conference on Road Building, 
at which Arthur B. Langlie, Governor of the state 
of Washington, gave the opening address. The Gov- 
ernor emphasized that the economy of this state is 
based upon the movement of goods and people, and 
that adequate highway transportation is essential 
to every business and industry. With 52 per cent of 
our roads and highways deficient it is a major prob- 
lem to make the most effective use of available funds. 
Proper road improvements cost nothing in the long 
run, because savings in vehicle operation cost more 
than compensate for road construction costs. Econ- 
omy requires that the job be accomplished by taking 
every advantage of research and experience. The 
Conference is especially worthwhile because all levels 
of government are represented. 

Washington’s Director of Highways, William A. 
Bugge, applied these general principles to the spe- 
cific problems facing highway engineers in 1950. 
These problems are eased somewhat by the develop- 
“ment of common sense techniques in highway plan- 
ning. When the engineer has data on actual traffic 
density as well as data on existing road capacity, the 
allocation of available funds becomes a matter which 
is open to scientific analysis. 
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Left to right: PROFESSOR VAN HORN, GOVERNOR LANGLIE, DEAN WESSMAN, WILLIAM A. BUGGE 


The talks by Governor Langlie and Mr. Bugge 
were delivered at the opening session of the Con- 
ference, held in More Hall on Monday, February 6, 
under the chairmanship of Professor R. B. Van 
Horn, head of the Department of Civil Engineering. 

The delegates were welcomed by Dean Harold E. 
Wessman of the College of Engineering. He pointed 
out the importance of highway transportation when 
considered either from the standpoint of the billions 
of dollars involved in highway investment or from 
the annual per capita cost of $26.70 per person. Dean 
Wessman emphasized the importance of research in 
our highway program and pointed out that two 
thirds of the papers to be presented involved basic 
research. He suggested that the engineers of the 
state of Washington might well consider cooperation 
in their efforts in this direction. 

The Monday afternoon session on subgrades was 
under the chairmanship of W. L. Shannon, Director 
of the North Pacific Division Laboratory; Corps of 
Engineers. The function of the soils engineer in high- 
way work was described by Herbert Humphres, Dis- 
trict Soils Engineer for the Washington Department 
of Highways. A valuable feature of Mr. Humphres’ 
talk was the presentation of a comprehensive system 
of soil classification by which the performance of sub- 
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grades is tied to generally 
recognized soil types. 

The second speaker, Lloyd 
H. Morgan, Soils Engineer 
for the Washington Depart- 
ment of Highways, dis- 
cussed local experience with 
the stabilization of poor 
foundations by the use of 
sand drains. The economies 
achieved by his department 
through the use of this type 
of construction should lead 
to widespread interest on 
the part of local highway engineers. 

“Soil Exploration for Highways” was the title of 
a talk by Professor K. B. Woods of Purdue Uni- 
versity, Associate Director of Indiana’s Joint High- 
way Research Project. Professor Woods occupies a 
unique position in the field of soils engineering in 
that he has pioneered an approach to soils problems 
from the standpoint of broad soil regions rather than 
from a complete dependence upon individual test 
specimens. His talk at the Conference was illustrated 
by a great many slides which were introduced to 
show how climate, topography, and physical soil 
characteristics are reflected in patterns which can be 
identified from aerial photographs. Aerial photogra- 
phy, pedology, and geology all provide tools by which 
the civil engineer can acquire a comprehensive pic- 
ture of the land forms with which he must be con- 
cerned in engineering construction. 


Professor M. I. Ekse of the University of Wash- 
ington presided over the Tuesday morning session. 
The subject of contract and day labor construction 
methods was discussed by W. H. Landaas, Assistant 
Manager of the Pacific Mountain Chapter of the 
Associated General Contractors, who pointed out his 
dual interest in construction methods. As a contrac- 
tor he is interested in seeing that the construction of 
roads and highways is performed by a qualified con- 
tractor under competitive bidding procedures. At the 
same time, as a taxpayer he 
is interested in getting as 
many road miles built as 
possible for the tax dollar. 

N. R. McKay, Assistant 
Director for State Aid, 
Washington Department of 
Highways, discussed re- 
cently established standards 
for secondary roads. There 
has been a great need for 
agreement on this matter as 
total mileage involved far 
exceeds that of the primary 


K B. Woods 
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roads which have received 
more attention from the 
standpoint of design stand- 
ards. The completeness of 
these new standards, com- 
bined with their consider- 
able flexibility, make his 
paper required reading for 
all county road engineers. 

A somewhat new ap- 
proach to the rural road 
problem was presented by 
R. E. Tobin, District Engi- 
neer for the Portland Ce- 
ment Association. His discussion of the use of soil 
cement for rural roads evoked considerable comment. 
The talk included a description of construction meth- 
ods and considerable data on costs. 

The Seattle City Engineer, Ralph Finke, served 
as chairman of the Tuesday afternoon session. De- 
velopments in bridge design were discussed by H. M. 
Hadley, Seattle consulting engineer. A considerable 
portion of his talk was devoted to the use of precast 
concrete members for short span highway bridges. 

C. D. Franks of Chicago, vice-president of the 
Portland Cement Association, took as his topic, “The 
Ultimate Cost of Providing Highway Transporta- 
tion.” He pointed out that total cost involved both 
the cost of providing and maintaining the road, and 
the cost of operating the vehicles over the road. The 
most economical transportation will occur when these 
items are in proper balance. 

A major contribution to the value of the Confer- 
ence was the paper by Joseph Barnett on the design 
of urban arterial highways, major streets and ex- 
pressways at grade. Mr. Barnett is Chief of the 
Urban Road Branch of the Bureau of Public Roads, 
Washington, D. C. His talk was illustrated by lantern 
slides which served to apply nation-wide experience 
to the consideration of our local problems. 

Tuesday evening Professor F. B. Farquharson, 
Director of the Engineering Experiment Station, 
presided over a session on the use of heat to correct 
distortion in steel members. After discussing the 
theory involved, Joseph Holt, Seattle contractor, con- 
ducted a laboratory demonstration in which a large 
steel H-beam was straightened through the use of 
the acetylene torch. 

The Conference had the privilege again of hearing 
Professor Woods when he presided at the Wednes- 
day morning session. Professor R. H. Meese of the 
University of Washington described the principles 
involved in frost heave and frost action in road bases 
and subgrades. In addition to a rather complete dis- 
cussion of the theory involved, Professor. Meese 
pointed out various types of* successful remedial ac- 


Joseph Barnett 
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An electrical engineer, T. S. Kinney of Seattle, pre- 
sented the first paper, dealing with electrical heating 
of asphalt and road oil storage tanks. 

The talk by J. L. Stackhouse, bituminous engineer 
for the Washington Department of Highways, served 
to acquaint the group with advantages in the use of 
MC-3 liquid asphalt, which is soon to be more gen- 
erally available in this region. Previously it had not 
been feasible to ship in this heavier grade of asphalt, 
and the more commonly used MC-2 cutback asphalt 
is less satisfactory for many purposes. 

An outstanding paper of the Conference was the 
concluding report by Francis N. Hveem of the Cali- 
fornia Division of Highways, whose methods of labo- 
ratory control have received ever-growing national 
recognition. With the aid of slides to illustrate ex- 
amples from the field, he diagnosed various types of 
pavement failure and prescribed remedial action. 

The Proceedings of the Third Northwest Confer- 
ence on Road Building is now in process of prepara- 
tion, and will be available at $1.00 from the Director 
of the Engineering Experiment Station, when pub- 
lished. Engineers who wish to maintain a complete 
file of this annual publication may still obtain back 
copies of the 1948 and 1949 volumes at the same 
price. 


by the University to determine stability of asphalt paving 
mixes. 


tion. His paper was followed by a discussion of 
winter damage to light oil surfaces by A. C. Waller, 
asphalt engineer with the Shell Oil Company. Ade- 
quate bases not only reduce the magnitude of frost 
action because of their insulating and drainage char- 
acteristics, but they also serve to distribute wheel 
loads over the subgrade so as to minimize the conse- 
quences of frost action when it does occur. 

W. R. Bond, Pacific Coast representative of the 
American Wood-Preservers Association, delivered a 
paper on the use of wood for highway structures. He 
emphasized the long economic life which was char- 
acteristic of treated timber. 

The final session of the Conference was held 
Wednesday afternoon under the chairmanship of 


A. S.W ellborn, San Frat ncisco, Managing Engi ewan’ DISTRIBUTION OF ROAD CONFERENCE REGISTRANTS BY 
of the Pacific Coast Division of the Asphalt Institute. AFFILIATION 


An experimental model of a microfilm locator called the Microfilm Selector has been built by Engineering Research 
Associates, Inc., of St. Paul, Minnesota, for the Library of the Department of Agriculture and the Office of Technical Services. 
A progenitor was built at M.I.T. in 1940 from designs prepared by a group under the direction of Dr. Vannevar Bush. The 
Selector, an electronic device, scans abstracts printed on 2,000-foot rolls of 35-mm film, and selects and prints copies of any 
abstracts corresponding to a previously selected code. The device scans 60,000 items per minute and each reel of film replaces 
500,000 library cards. It is estimated that it would take the Selector only 15 minutes to review all the entries for the past 30 
years in Chemical Abstracts. Before the war about 18,000 patents were abandoned annually, principally because they repeated 
earlier work not detected by adequate library research. [ndustrial Bulletin of Arthur D. Little, Inc., Sept., 1949. 
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FRACTIONAL PRECIPITATION OF BARIUM LIGNIN 
SULFONATES FROM WATER BY ETHANOL* 


AARON E. MARKHAM 
Research Chemical Engineer, Pulp Mills Research 


QUINTIN P. PENISTON 
Research Chemist, Pulp Mills Research 


JosEPH L. MCCARTHY 
Associate Professor of Chemical Engineering 


Introduction 


Several investigations of 
the empirical composition of 
lignin sulfonic acids have 
been carried out by sepa- 
rating the acids or their 
salts into fractions which 
were then analyzed. Frac- 
tionation was conducted by 
Erdtman’ with organic 
bases, by Racky? with hy- 
drofluosilicicacid, by Lautsch 
and Piazolo* with benzacri- 
dine and by Schwabe and 
Hahn‘ with propanol. In all these cases, fractions 
were precipitated directly from sulfite waste liquor, 
and considerable departures from uniformity in com- 
position within a particular series of fractions are 
apparent. Also there seems to be no clear evidence of 
fractionation on a basis of molecular size of lignin 
sulfonates. Since these departures might have re- 
sulted from the presence of non-lignin substances, it 
seemed that they might be eliminated by study of 
lignin sulfonates previously purified by dialysis.* 
Thus the present investigation has been carried out 
to effect a fractionation of non-dialyzable lignin sul- 
fonates in order to study the uniformity of composi- 
tion and the range of diffusion coefficients manifested 
by the several fractions. 


A. E. Markham 


Experimental 
Preparation of Barium Lignin Sulfonate Solution 


Calcium sulfite waste liquor (from about 85% 
western hemlock and 15% white fir woods) from 
a commercial source was subjected to continuous 
countercurrent dialysis® against distilled water to 
yield an aqueous solution of purified non-dialyzable 
lignin sulfonates containing about 65% of the meth- 
oxyl originally present in the liquor. This calcium 


*Reprinted by permission from the Journal of the American 
Chemical Society, 71, 3599 (1949). This article is the third 
in a series of lignin studies that have appeared in the Journal. 
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lignin sulfonate solution was 
evaporated under reduced 
pressure to a concentration 
of about 130 g. of total sol- 
ids per liter. Calcium and 
other metallic ions were re- 
moved by cation exchange 
resin treatment (Ionex No. 
2),+ and the ash-free solu- 
tion of lignin sulfonic acids 
was treated with barium 
carbonate in quantity just 
sufficient to neutralize the 
strong acids, as determined 
by conductometric analysis. A small precipitate of 
barium sulfate, probably resulting from cleavage and 
oxidization of small amounts of loosely combined 
sulfur dioxide, was removed by centrifugation. The 
aqueous solution of barium lignin sulfonates. (121.9 
g. of total solids per liter) was fractionally pre- 
cipitated. 


Q. P. Peniston 


Fractionation Technique 

Fractionation was conducted in triplicate. Into 
each of three 250-ml. centrifuge flasks was placed 
75 ml. of the solution of barium lignin sulfonate. 
With the flasks in a water-bath at 20.5 + 0.1°, incre- 
ments of absolute ethanol (n-propyl and isopropyl 
alcohols were found to be effective as precipitants 
at lower concentrations than 
ethanol, but yielded systems 
of two phases that were not 
easily separated) were add- 
ed dropwise to each, with 
continuous stirring. The ad- 
dition of each increment re- 
quired about an hour, and 
stirring was continued for 
three hours more. The first 
increments were of 10 ml. 
each, this volume being in- 
creased to secure the later 
fractions. After a total of 


J. L. McCarthy 


+Manufactured by the Dow Chemical Co., Midland, Mich. 
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twenty-four hours in the thermostat for each precipi- 
tation, the solids were centrifuged from the solution, 
the solution decanted off, and the solids washed from 
the flasks with water. The weights of the flasks and 
contents at each step in the operations were taken. 
From these data the ethanol content of the solution 
as each fraction was precipitated was calculated. The 
final composition of the solution so estimated agreed 
within 0.1% with the figure obtained by analysis of 
the final solution by distillation and density deter- 
mination. 


Treatment of Fractions 


The solution of each fraction was evaporated under 
reduced pressure (about 40°) nearly to dryness, then 
redissolved in water, and again taken to dryness in a 
vacuum desiccator over calcium chloride. This re- 
peated evaporation served to remove completely the 
ethanol, which if present would give rise to errone- 
ously high results in the methoxyl determination. 
Drying was continued to constant weight in a vacuum 
oven at 60° and 15 mm. pressure (about four hours). 
The weights of the corresponding fractions from the 
triplicate experiments were nearly identical. Cor- 
responding fractions were combined. 


Characterization of Fractions 


Methods used for chemical analyses have been pre- 
viously described.* Of the original total solids, meth- 
oxyl, sulfur and sulfated ash, 99.9, 97.4, 100.3 and 
101.9%, respectively, were accounted for in the sev- 
eral fractions. 

Extinction coefficients were calculated from ab- 
sorption data secured from 3500 to 2400 A, using a 
Beckman Quartz Spectrophotometer at minimum slit 
width. Silica cells with a 10-mm. light path were 
used. Absorption was measured at 50-A. intervals for 
aqueous solutions of the barium lignin sulfonate frac- 
tions at two concentrations (1.00 and 5.00 mg. meth- 
oxyl per liter) buffered at pH 5.0 with 0.001 M 
acetate buffer. 

Diffusion coefficients were determined by the solu- 
tion-to-gel method of Felicetta, Markham, Peniston 
and McCarthy.® 


Water Content of Fractions 


The water content of several fractions was esti- 
mated by measurement of the volume of water vapor 
evolved from a sample on heating at low pressure. 
The apparatus was a modification of that used by 
Browne and Houlehan,’ and was so constructed that 
the evolved vapor could be condensed in an attached 
capillary tube, and its saturated vapor pressure, melt- 
ing point and vapor density determined. 
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Discussion 


A purified barium lignin sulfonate preparation has 
been fractionated by precipitation from aqueous solu- 
tion by addition of increments of ethanol. Ten frac- 
tions were obtained at characteristic ethanol concen- 
trations and the last was recovered from the remain- 
ing solution. Sufficient time was allowed at each 
solvent composition so that equilibrium in precipita- 
tion is believed to have been approximated. The sev- 
eral fractions were precipitated from solutions con- 
taining lignin sulfonates in rather high concentration 
in order to provide adequate material for careful 
characterization, although sharpness of fractionation 
was probably thereby sacrified.® 

The analytical characteristics of the several barium 
lignin sulfonate fractions are found to be quite similar 
(Table I). These quantities, taken with the weights 
of the fractions, yield satisfactory material balances. 
Considering the precipitated fractions in order ob- 
tained, there is observed a trend of decrease in con- 
tent of carbon and methoxyl, and of increase in con- 
tent of sulfur and sulfated ash. These differences are 
not large and, while possibly affecting the precipi- 
tability of the barium lignin sulfonates, they are not 
believed to be controlling factors. 

Before analysis, the fractions were dried to con- 
stant weight in a vacuum oven at 60° and 15 mm. 
pressure. These mild drying conditions were em- 
ployed to avoid degradation of the material used for 
later characterization. To determine how much water 
might still be contained in the fractions, and if pos- 
sible to differentiate between water of adsorption and 
of hydration, measurements of the vapor evolved on 
heating at reduced pressure were made on fractions 
2, 4, 7 and N. The saturated vapor pressures of the 
condensed vapors from fractions 2 and 7 were deter- 
mined at 0, 10 and 20° and found to be very close to 
those of water; the frozen condensate melted around 
—4 to —5°; and the vapor density, determined from 
the volume of evolved vapor and the weight of con- 
densate, indicated molecular weights of the vapors 
from fractions 2 and 7 to be 16 and 17, respectively. 

Similar measurements of vapor evolution from 
sodium tetradecane sulfonate hemihydrate supplied 
by Dr. E. C. Lingafelter, and from copper sulfate 
pentahydrate, showed stepwise evolution in four and 
one steps, respectively, characteristic of hydrates. 
The evolution of vapor from the barium lignin sul- 
fonate fractions, however, proceeded without discrete 
steps. Instead, a more or less smooth curve was ob- 
served which may indicate evolution of water held by 
adsorption, or as a rather large number of hydrates, 
or both. The amount of vapor so liberated at 10 mm. 
was: at 117°, 3.08, 3.5, 3.67 and 3.8% from fractions 
2, 4, 7 and N, respectively; and at 129°, 3.48, 3.9 
and 4.1 from fractions 2, 4 and N, respectively. The 
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TABLE I 
FRACTIONATION OF BARIUM LIGNIN SULFONATE® 


Cumulative wt. % 
% solids ethanol Methoxyl, Sulfur, Sulfated ash, Carbon,? Hydrogen,® Diff. coeff 
Fraction pptd. in solvent % % % % % sq. mm./day 

1 20.24 18.6 10.78 4.82 18.1 48.38 4.58 6.1 
2 29.23 26.0 11.16 4.77 17.4 46.96 4.73 &.7 
3 36.78 32.4 10.87 5.06 18.2 a eis 5.8 
+ 47.40 37.8 10.84 5.28 18.4 45.50 4.77 6.6 
5 57.66 42.4 10.78 5.42 19.8 
6 66.21 46.4 10.53 5.68 20.4 ieee 8.7 
7 72.70 49.8 10.65 5.77 20.8 44.12 4.80 9.8 
8 77.53 52.8 10.62 5.74 22.1 poe 10.6 
9 83.88 57.9 10.53 5.86 21.8 sSai 12.0 
10 90 . 33 65.5 10.68 6.19 22.5 44.18 4.41 13.4 
N 99.90 Not pptd. 10.59 5.67 20.3 44.55 4.58 16.7 
Initial material 11.03 5.34 19.1 


* @Duplicate analyses for methoxyl, S, ash, C and H departed from the averages not more than 0.06, 0.05, 0.5, 0.10 and 0.06%, respectively, 
except fract. 6, methoxyl, 0.08%; fract. 2, S, 0.13%; and fract. 8, ash, 0.9%. Diffusion coefficient departed from the averages not more than 
0.45 mm.?/day. 5 Microanalyses by Michrochemical Specialties Co., Berkeley, Calif. 


amount of water evolved is nearly proportional to 
the number of sulfonate groups present. Thus, from 
1.14 to 1.20 moles of water per sulfonate group was 
driven off at 117°, and from 1.29 to 1.32 moles at 
129°. At 150° the amount is about 1.6 moles which 
appears to be nearly a limiting value. There is evi- 
dence of some decomposition at higher temperatures 
but over 80% of the gas evolved at 175° was re- 
adsorbed on cooling. From the known tendency of 
metal sulfonates to form hydrates and from the close 
proportionality between the water evolved and the 
amount of sulfonate present, it seems probable that 
the water is combined in a number of hydrates of 
differing dissociation characteristics. 

For those fractions for which carbon and hydrogen 
analyses were available, the analytical data have been 
recalculated after subtraction of the indicated 1.6 
moles of water per sulfonate group. A basis of nine 
carbon atoms was chosen because there now exists 
extensive evidence from degradation experiments® 
indicating that the structural units of gymnosperm 
lignins consist, in large proportion at least, of phenyl 
propane skeletons. The data when so calculated show 
that each fraction contains nearly an identical number 
of equivalents of barium and sulfur as expected for 
barium sulfonates, and that the degree of sulfonation 
of the several lignins is not quite the same. The first 
precipitated fraction is sulfonated to the extent’ of 
0.37 mole per C, unit and the degree of sulfonation 
increases, reaching 0.52 in fraction 10. The difference 
in degree of sulfonation makes desirable a further 
recalculation of the data to a sulfur-free basis. This 
has been done by assuming that barium is exactly 
equivalent to sulfur and, for calculation purposes 
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only, that each sulfonate group replaced a hydrogen 
atom in the original lignin. 

The empirical composition of the several lignin 
fractions on an anhydrous, and also sulfur-free and 
ash-free basis is found to be nearly uniform (Table 
II) in spite of the accumulation of error in the hydro- 
gen and oxygen data.* This composition is in general 
agreement with that reported by Wald, Ritchie and 
Purves’® for pine lignin in situ, by Brauns'' for 
“native” spruce lignin and by Racky* for some of his 
fractions of lignin sulfonic acids from spruce (Table 
II). 

The similarity of ultraviolet absorption spectra 
found for the fractions is in agreement with the uni- 
formity of chemical composition. Extinction coeffi- 
cients (cm.-? per mg. of methoxyl per liter) obtained 
in aqueous solutions containing 5.00 mg. of methoxyl 
per liter were 0.259, 0.243, 0.241, 0.231, 0.227 and 
0.241 at 2800 A., and 0.222, 0.210, 0.205, 0.192, 0.187 
and 0.194 at 2650 A. for fractions 1, 2, 4, 7, 10 and 
N, respectively. 

Diffusion coefficients are found to increase mark- 
edly throughout the series of fractions. If molecular 
weights are calculated on the basis of spherical parti- 
cles, a range from 100,000 to 4,000 is indicated 
although the actual molecular weights are probably 
somewhat lower judging from the few frictional 


. ratios for lignins which have been reported.'* '* It 


thus appears probable that the molecular size of the 


*The analytical margins of error in Table I, increased by 
the assignment of hydrogen and oxygen to methoxyl, sul- 
fonate and hydration groups may amount to as much as 0.75 
atom of hydrogen and 0.4 atom of oxygen in the C, formulas 
of Table IT. 
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TABLE II 
ESTIMATED EMPIRICAL COMPOSITION OF LIGNINS 


Lignin Composition 
Fr. 1 Cy, (OCHs)o.85 Hz.5 
2 Cy (OCHs)o.01 Hs.4 
4 Cy (OCHs)o.02 
7 Cy (OCHs)o.93 Ho.1 
10 Cy (OCH3)o.93 Hz.9 


Cy (OCH3)o.1 Hs.4 Or. 
Pine," in situ Cy (OCHS)o.9: Hz.3 O20 
Spruce,'' ‘‘native”’ Cy (OCHs)o.s9 Hs.7 Ov 
Spruce,* from LSA Cs (OCHs)o.93 Hs.4 


a Calculated by us to a nine-carbon atom basis from data on lignin 
sulfonic acids (LSA) given by Racky? in his Table 2 using the 
pr composition of his fractions 2, 3, 7 and 9 which were very 
similar. 


lignin sulfonates controls the order of precipitation 
although the latter may be influenced by degree of 
sulfonation. The characteristics manifested by the 
lignin sulfonate fractions seem to be in accord with 
those expected for fractions secured from a polymeric 
series. 

The authors gratefully acknowledge the aid of 
Mr. Vincent F. Felicetta and of Mrs. H. D. Agar in 
performance of analyses. 


Summary 


1. A lignin sulfonate preparation purified by 
dialysis has been precipitated as a barium salt from 
aqueous solution by ethanol to yield a number of 
fractions which have been characterized by chemical 


analyses, ultraviolet extinction coefficients and diffu- 
sion coefficients. 

2. When results of the chemical analyses are cal- 
culated to an anhydrous, sulfur-free and ash-free 
basis, the fractions are found to be of nearly uniform 
composition. 

3. Diffusion coefficients of the several fractions are 
found to increase progressively in order of precipi- 
tation and indicate a corresponding decrease in 
molecular weights over a wide range. 

4. The uniformity of chemical composition and of 
ultraviolet absorption spectrum and the regular trend 
in diffusion coefficients indicate the polymeric char- 
acter of lignin sulfonic acids. 
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Dr. Prager to Lecture on Theory of Elasticity 


Dr. William Prager, Chairman, Graduate Division 
of Applied Mathematics at Brown University, will 
be on the University of Washington campus April 26 
to May 20 as Walker-Ames Professor of Applied 
Mechanics. He will deliver a series of eleven lectures 
and will hold five seminar sessions on the topic, “The 
extremum principles of the mathematical theory of 
elasticity and their use in stress analysis.” 

Dr. Prager, who was born in Karlsruhe, Germany, 
received the degree of Doctor of Engineering from 
the Darmstadt Institute of Technology in 1926. From 
1929 to 1933 he was acting director of the Institute 
of Applied Mechanics at the University of Goettingen, 
and from 1933 to 1941, Professor of Mechanics at 
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the University of Istanbul, Turkey, which he left to 
come to Brown University. He is a fellow of the Insti- 
tute of Aeronautical Sciences and a member of the 
American Mathematical Society, American Institute 
of Mechanical Engineers, and Sigma Xi, and has 
published several books and more than 60 articles in 
technical journals. 

Dr. Prager has announced that in his lectures at 
the University he will present material which he has 
not yet published nor used in any lectures up to this 
time. Extension of these advanced principles of 
elasticity apply in many fields of engineering. Dr. 
Prager will make a special effort to point out their: 
applicability in these fields. 
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A NEW METHOD OF WOOD PYROLYSIS * 


PIOTR ZENCZAK 
Research Assistant, Engineering Experiment Station 


Introduction 


In the ordinary wood dis- 
tillation process, wood is 
heated in a retort or oven 
out of contact with air to a 
high temperature. The sub- 
stances of which wood is 
composed are broken up, 
and the products of the de- 
composition appear as liq- 
uids and gases and a solid 
substance. As in other chem- 
ical reactions, the conditions 
under which the decomposition takes place have a 
decided influence on the nature and amount of prod- 
ucts formed. 

In the research work carried out by the writer in 
the Forest Products Laboratory of the University 
of Washington, under the direction of Dr. Bror L. 
Grondal, Professor of Forest Products, wood is sub- 
jected to pyrolysis in a high-boiling organic liquid 
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and the products are distilled over together with this 


liquid. Many organic liquids have been tested but 
kerosene has proved to be the most suitable. 

By distilling wood in an organic liquid medium the 
following advantages were anticipated and will be 
briefly discussed. 


1. Control and lowering of the temperature of the 
exothermic point of carbonization. 

2. Improvement in heat conductivity in the car- 
bonization vessel through the wood, and there- 
fore a shortening of the time of distillation. 

3. Prevention of secondary reactions among the 
valuable products obtained by pyrolysis by re- 
moving them quickly in the kerosene vapor 
medium and therefore increasing the yield of 
those initial products. 

4. A possibility of obtaining unusual products of 
pyrolysis, especially in the form of tars. 

5. Improvement in the properties of charcoal. 


1. In the distillation of wood the following char- 
acteristic phases may be distinguished. First, there is 


* See also “Pyrolysis of Wood: Recent Developments,” by 
Bror L. Grondal and Piotr Zenczak; The Trend in Engi- 
neering, Vol. I, No. 2 (April, 1949). 
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evaporation of the uncombined moisture from the 
wood, an operation during which small amounts of 
volatile constituents steam-distill. Between 150° C 
and 250° C the reaction is endothermic and only a 
slight partial decomposition occurs. At about 275° C 
the reaction becomes exothermic with a violent re- 
lease of methane and aliphatic compounds. Finally, 
charcoal and tars formed by this reaction are broken 
down. The rate of the exothermic reaction at 275° C 
is so low that if the wood is heated up very rapidly 
the exothermic heat will become apparent only at a 
much higher temperature. Palmer’ demonstrated that 
by at least partial control of the exothermic reaction, 
the yield of alcohol and acetic acid can be increased 
as much as 80 per cent. In commercial distillation 
processes it is difficult to control the exothermic re- 
action because the heat evolved in this manner plus 
the heat furnished by the external source tends to 
raise the temperature of the wood beyond the point 
where spontaneous decomposition takes place. This 
tendency results either in an immediate decomposi- 
tion of some distillation products or may prevent 
their formation from some intermediate products. 
The use of kerosene boiling in the range of 220°-300° 
C as a medium to conduct heat to the wood provides 
excellent control of temperature during this very 
important phase in the pyrolysis of wood. 


2. Because wood is an excellent heat insulator, it 
is difficult to cause the rapid penetration of heat into 
wood of the ordinary dimensions used in wood dis- 
tillation processes. So poor is the heat conductivity 
of the wood, that it will become dry for a short dis- 
tance beneath the surface when subjected to distilla- 
tion and will then begin to carbonize before the heat 
has penetrated deeply enough to volatilize the water 
nearer the center. Owing to the high permeability of 
wood by kerosene and the vigorous motion of the 
boiling liquid, an intimate contact is obtained between 
the liquid and the entire wood substance, thus giving 
a high rate of heat exchange, and therefore equi- 
librium conditions are rapidly approached. 

3. Klason? reported that in the distillation of wood 
in a cathode-light vacuum, the most marked differ- 
ences in the yield of products were obtained. He ob- 
tained a yield of tars much higher than usual with a 
correspondingly lower yield of gas, because the sec- 
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ondary reactions, such as decomposition by heat of 
the products first formed, or the interaction between 
these products, were kept at a minimum since the 
volatile compounds were removed from the distilling 
vessel and cooled in the shortest possible time. Dis- 
tillation under diminished pressure has so far not 
been successfully applied in commercial operations 
because of technical difficulties. The cost in the in- 
creased outlay for a plant and the complexities of 
operation make this type of wood distillation difficult, 
if not impossible. The distillation in a liquid medium 
has a somewhat similar effect on the thermal de- 
composition of wood and is much easier to apply in 
commercial practice. 

4. The results obtained by Klason as well as Palmer 
indicate that in wood distillation the primary reaction 
consists in the formation of primary tar and charcoal, 
but that, under ordinary conditions of distillation, the 
former decomposes as rapidly as it is formed into 
secondary tar and gas, which are among the volatile 
products, leaving a tar coke which remains as a 
residual deposit in the charcoal. Therefore, by re- 
moving tars in nascent form together with kerosene 
vapors, it is possible to prevent pyrolysis and chemi- 
cal polymerization of these tars and thus to obtain 
different products. 

5. The low heat conductivity of wood has one 
more influence in wood distillation. In ordinary dis- 
tillation the exothermic heat added to the external 
heat tends to convert the water inside of the wood 
into steam, exerting tremendous pressure. This has 
a marked effect on the internal structure of the char- 
coal. The charcoal produced by ordinary commercial 
wood-distillation processes is full of cracks and 
readily breaks into a multiplicity of pieces, many of 
them very small. This is the source of the “breeze” 
obtained in charcoal screening. By distilling wood in 
a liquid these defects are in a large measure avoided 
because all water is driven from the wood before 
carbonization sets in. The apparent fact that the 
kerosene removes the tar from the wood as rapidly 
as it is formed, leaving charcoal which presents an 
extended interior surface area, presents the possi- 
bility of obtaining charcoal possessing special ad- 
sorbent properties. A number of theories have been 
advanced to explain the increase in adsorptive power 
in charcoal upon activation. Knight and Gamer* con- 
sider that the internal surface of charcoal is enor- 
mously increased during activation and the increase 
in surface alone accounts for the activity which is 
developed. Chaney* considers that the primary car- 
bonization of wood substances produces the necessary 
surface and the capillary structure to account for all 
adsorption obtained in activated charcoal. At the 
same time certain hydrocarbons are formed and ad- 
sorbed with great tenacity upon the active carbon 
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framework, thus nullifying its adsorptive power. 
Briggs® thinks that primary charcoal is a highly 
complex polymer formed from molecular fragments 
of cellulose. The action of heat and activating agents 
is such as to attack these huge molecules at their most 
unsaturated points thus eliminating some carbon and 
most of the hydrogen from the primary charcoal. 
The result is a huge molecular group of carbon atoms 
more or less loosely held together, containing holes 
of atomic dimensions. Briggs consequently believes 
that it is principally within such holes that adsorption 
takes place. 

Thus, apparently, some very divergent views are 
held by various investigators. There are many other 
theories regarding activation of charcoal but none is 
finally established. In considering these theories it 
may be apparent why it is entirely possible to increase 
the adsorbing power of charcoal directly in the wood 
distillation process by distilling wood in an organic 
liquid. 


Apparatus, Procedure, and Analyses 


To date, experimental work involving the use of 
an organic liquid in the pyrolysis of wood has been 
carried out in an insulated retort which is electrically 
heated. Temperature control is accomplished by 
means of a thermocouple and controller regulating 
the heating unit. Wood blocks (Douglas fir) ap- 
proximately two inches square and one-half inch 
thick have been distilled, the charge being 500 grams 
in each run. Different proportions of kerosene and 
wood have been used, and the most suitable has been 
found to be 3:1 in the particular apparatus that has 
been used. The mixture of wood and kerosene in the 
retort is heated to a temperature of 280° C with a 
maximum kerosene pressure of 25 psi. After all the 
kerosene and wood distillate has been driven off, 
cooled, and collected in the receiver, the temperature 
is raised to 300° C for a short period of time. For 
the recovery of traces of kerosene that remain, steam 
can be passed through the retort. The total time of 
distillation is three to four hours. The distillates are 
collected in a water-cooled flask after passing through 
a copper condenser. Kerosene is separated from the 
distillate by settling and is recycled. Apparently, it 
can be re-used indefinitely. Twenty distillation runs 
were made to test such different factors as pressure, 
maximum temperature, and the rate of heating. 

In making the analyses, 100 ml of distillate were 
used for the sample in every case. The separation of 
tar by settling was not achieved as easily as in an 
ordinary distillation, and therefore the sample was 
distilled in an oil bath at a maximum temperature of 
150° C. In this distillation, the distillate was sepa- 
rated into two fractions reported as “soluble tars” 
and “pyroligneous aqueous liquid.” 
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The pyroligneous aqueous liquid was analyzed for 
crude acetic acid by titration, and for crude wood 
alcohol by the specific gravity method. Acetone was 
determined by Deniges’ quantitative method. Many 
methods of analyzing tars were tried, starting with 
fractional distillation under ordinary pressure and 
under diminished pressure. Each crude fraction was 
treated chemically. Chemical treatments have in- 
cluded extraction, neutralization, saponification, and 
esterification. Charcoal was weighed after cooling in 
the retort over night. The percentage of the yield 
was calculated, and the following properties of the 
charcoal were investigated: (1) moisture content, 
(2) volatile matter, (3) ash, (4) true density, (5) 
specific gravity. The analytical methods of Griffin 
were used. Special time was devoted to an investiga- 
tion of the adsorptive power of the charcoal obtained 
by comparing it with commercial unactivated and 
commercial activated charcoal. Adsorption of liquids 
was tested by the iodine method and the Freundlich 
isotherms were compared with those of commercial 
charcoals. Adsorption of gases was tested by Dr. 
Paul Mulvany of the Chemical Engineering Depart- 
ment of the University of Washington in a special 
very sensitive apparatus for measuring the adsorption 
of gases by charcoal. An electron miscroscopic study 
of this type of charcoal was made and compared with 
that of commercial charcoal. 


Discussion of Results 


Typical results in the percentage of products ob- 
tained, based on the weight of dry wood, are as 
follows : 


Charcoal ...... 36 
Aqueous distillate .................... 35 
Gas by difference...................... 9 


When we compare these yields with those obtained 
in ordinary distillation processes, the most marked 
difference is the increased amount of tars and the 
low yield of gas, a result which agrees with theories 
already discussed briefly in this paper. The yield of 
charcoal remains almost the same. The analysis of the 
aqueous distillate indicates an increase in acetic acid to 
8 per cent of the dry weight of the wood. No increase 
in the yield of methyl alcohol and acetone is apparent. 

In commercial wood distillation, the standard by- 
products that are refined and marketed are prac- 
tically limited to acetic acid, wood alcohol, and 
acetone. Up to the present time, tars resulting from 
wood distillation-have been used only for a limited 
number of purposes. Some wood tars have been 
separated into fractions for specific uses but there 
has been no general separation into chemical com- 
pounds analogous to coal-tar practice because wood 
tars are so complex and reactive that commercially 
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successful separation procedures have not been de- 
veloped. 

In wood tars obtained in ordinary wood distilla- 
tion about 35 acids, 16 alcohols, 16 aldehydes, 14 
esters, 18 ethers, 33 ketones and 11 phenols have been 
identified. This wide variety of compounds includes 
many types of functional groups, many individuals 
having several different active groups in the mole- 
cule. Obviously such mixtures are difficult to sepa- . 
rate. Many of the individual constituents tend to con- 
dense with other compounds present and therefore 
thermal and chemical treatment must be minimized. 
Mutual interferences of boiling points and of solu- 
bilities are the rule. Complete isolation of every con- 
stituent of a tar is impractical, if not impossible. The 
best that may be expected is to obtain a larger pro- 
portion of those that are normally present in the 
greatest amounts or those that are most readily 
separated. As a rule it will be not profitable to 
process an ordinary wood tar for only one or two 
compounds. In recent years, successful processes for 
the separation of such compounds as creosol, guaiacol, 
pyrogallol, and maltol from hardwood tars have been 
developed. 

The second possibility is that of using tars without 
separation into individual compounds, just as they 
come, or with simple modifications. Many attempts 
have been made in this direction; hundreds of pat- 
ents have been issued for using tars as varnishes, 
artificial resins, and preservatives. Some of these have 
been successful but not one has solved the problem 
of general use for wood tars. 

In making analysis of tars obtained in the distilla- 
tion of wood in kerosene, both aspects were taken 
into consideration. The analyses for identification of 
groups of compounds shows the following percent- 
ages in the tar obtained by this process: 


Phenolic compounds 10 

Water-insoluble 60 

Water-soluble volatile acids ................... 9. 

Water-soluble nonvolatile acids ............. 9 
Neutral compounds 9 


No published analyses of Douglas fir tars obtained 
by ordinary wood distillation with which those re- 
sults can be compared are available, but these pre- 
liminary analyses indicate that tars obtained in dis- 
tilling wood in kerosene are less polymerized and 
may become a source of valuable phenols and acids. 

The high percentage in phenols and dibasic acids 
(oxalic acid) points to the possibility of the applica- 
tion of this type of tars without costly separation in 
the production of phenol-formaldehyde or polyester 
types of resins with glycerol or ethylene glycol. Theo- 
retically, to obtain a condensation with formaldehyde 
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in the presence of a catalyst a solvent could be used from 
which the resin could be separated with the unattached com- 
pounds remaining in the solvent, but to date attempts in this 
direction have not been wholly successful. 

Not enough research has been done to publish more exact 
results, but the increased yield and the differences in the 
character of the tars obtained by this method open new possi- 
bilities for research in softwood tars, with the expectation 
that commercial uses for these tars will develop rapidly after 
they are made available. 

A preliminary investigation of the lump charcoal gave the 
following results: 


11% 
0.367 


When those results are compared with ordinary softwood 
charcoal the low volatile content and the slight but definite 
increase in true density will be noticed. The charcoal obtained 
by this process is free from cracks and residual tar-coke. An 
investigation of the adsorbing power gave different results 
in adsorbing liquids and gases. Since it was desired to com- 
pare the various samples on the basis of the Freundlich iso- 
therms, it was necessary to make several determinations with 
each charcoal. This was facilitated by weighing out five 
samples of varying sizes and treating each with identical 
quantities of iodine. The time of treatment was twenty 
minutes. A 25-ml sample of the filtrate from each sample 
was then treated with thiosulfate to a starch end-point. As 
references, Darco commercial activated charcoal, and unacti- 
vated commercial charcoal produced by Oravetz, in Auburn, 
Washington, were chosen. Each charcoal sample was heated 
to 350° C before the test. The results were plotted as iso- 
therms where the abcissa represented the amount of iodine 
adsorbed per unit weight of charcoal, and the ordinate repre- 


sented the concentration of the solution in equilibrium with 
this value. The position of the graph of the isotherm for 
“kerosene” charcoal in relation to both reference charcoals 
lay between them. In other words, the adsorbing power of 
unactivated “kerosene” charcoal was much better than that of 
ordinary charcoal but inferior to that of Darco Activated 
Charcoal. 

The. evaluation of “kerosene” charcoal for adsorption of 
gases is less spectacular. The adsorbing power of unacti- 
vated “kerosene” charcoal for hydrocarbons is about one 
ninth that of Darco activated charcoal. No test run for 
adsorption of gases on Oravetz unactivated charcoal was 
made. 


Summary 

1. Distillation of wood in kerosene lowers the exothermic 
reaction from 275° C to about 265° C. It has an apparent 
effect on the speed of this reaction and permits more accurate 
temperature control. 

2. A high heat transfer rate and uniform heat distribution 
is obtained, and therefore the time requirement of distillation 
is decreased. 

3. By removal of the reactive chemicals in a medium con- 
sisting of kerosene vapors, the yield of acetic acid and sol- 
uble tars is increased. 

4. The tars formed have a different constitution from that 
of tars produced in ordinary wood-distillation processes. 

5. The charcoal shows improvement in physical properties 
and an improvement of adsorbing properties, especially as a 
liquid-phase carbon. 

No study has been undertaken to determine the losses of 
kerosene, but it is apparent that they could be kept below 
0.2 per cent. The process can be applied in the distillation of 
solid blocks of wood as well as sawdust. 

There is no reason why the process could not be made con- 
tinuous by modifications, for example, in the construction of 

(Continued on page 31) 


Bonneville Sponsors Study of Quake Hazard to Foundations 


Engineering Experiment Station Project No. 81, 
an investigation of earthquake hazard arising from 
foundation conditions, is sponsored by the Bonneville 
Power Administration in order that provisions for 
this factor may be made in the design of substations 
and other electrical facilities. Part of this study will 
involve a continuation of the evaluation of data and 
records of the 1949 earthquake which has been car- 
ried on under the direction of Professor A. L. Miller. 

Another important part of the work will be con- 
cerned with the effect of local soil and ground-water 
conditions at selected substation sites. It has been 
commonly observed that within a given area the 
extent of damage was markedly responsive to subsoil 
conditions. In some cases the natural frequency of 
the less stable soils probably approaches some fre- 
quencies encountered in earthquakes. Damage is 
likely to be much more severe when this condition 
of resonance is approached. The common reliance of 
engineers upon structural analysis involving hori- 
zontal acceleration of a fixed percentage of gravity 
is not wholly satisfactory in such extreme cases, and 
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if, in addition, the natural frequency of the structure 
is in this range, catastrophic damage can ensue. Re- 
medial measures require knowledge of the natural 
frequencies of foundation soils and the coefficient of 
dynamic subgrade reaction. It is hoped that these 
quantitative data can be furnished by means of 
vibrator tests on selected sites. 

Apart from the characteristics of the supported 
structure, the earthquake hazard of a given site de- 
pends both upon the relation of the resonant fre- 
quency of the soil mass to the imposed frequencies, 
and the rate of dampening in the foundation soils. 
Both resonance and the logarithmic decrement for a 
given soil mass can be obtained from dynamic testing 
with reasonable accuracy for engineering properties. 

Through these investigations it is expected that a 
quantitative value can be assigned to individual sites 
for a measure of susceptibility to earthquake shocks. 
Such coefficients, when considered in conjunction 
with the vulnerability of the region to earthquakes, 
should provide the engineer with the information 
essential to a rational design. 
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DESIGN OF A SCHLIEREN APPARATUS 
(Continued from page 19) 


Camera Lens 


Calculations indicated that a camera lens of focal length 
two meters would give an image diameter of 3.5 in. This lens 
was adopted and the two principal aberrations were cal- 
culated. 

The expression for spherical aberration is given below. 
The lens is considered a thin lens with negligible thickness. 


2(m) \n f 


where 
f=focal length of axial ray 
f' =focal length of marginal ray 
H =radial aperture of lens 
n=index of refraction of lens material 
r,=radius of curvature of first lens surface 
r2=radius of curvature of second lens surface 


The optimum condition is to have the difference in focal 
lengths equal to zero. This, however, is impossible with a 
single element lens with circular sections. Theory shows that 
if rx = —6n:, for a glass lens with n= 1.5, the spherical 
aberration will be a minimum. 

The radii of curvature may be determined by means of the 
equation 


Setting r= —6r, and solving for 7; gives 

r, = 45.96 in. 

re= — 275.8 in. 
The spherical aberration of the lens may now be deter- 
mined as 

f' —f=—0.0041 in. 
Thus, the spherical aberration of a single element lens will 
be very small if the radii of the lens faces are chosen as indi- 


The second aberration to be considered is chromatic. The 


focal length of a simple lens varies with wave length of the 
incident light. The aberration is computed as follows: 


nc= index of refraction for red C Fraunhofer line 
(wave length=6.563 x 10-> cm) 

np =index of refraction for blue F line 
(wave length =4.862 x 10-5 cm) 


(—--— 


np) (7) 
fr-fo= Gn.) 


Substituting appropriate values gives 
fr—fo=—2.36 in. 


The chromatic aberration of the single lens will thus be too 
large to ignore and the lens must be corrected. 


Details 


Some of the details of construction of the instrument are 
of interest. Considerable difficulty with vibrations was en- 
countered. With an optical “moment arm” of 8 ft, only a 
very slight deflection is necessary to throw the image of the 
source off the knife-edge. To correct this difficulty, the 
entire instrument is mounted on a cradle which is suspended 
by springs from the ceiling. The mounting is designed to give 
at least 80 per cent isolation from all vibration frequencies 
above that of the vacuum pump which provides power for 
the wind tunnels. 

With the camera lens chosen, a light path of about 5 ft 
from lens to film was required. To cut down the length of 
the camera, the light path was “folded” by means of two 
small internal mirrors. 

The light source used is the General Electric BH-6 lamp 
rated at 800 watts. The lamp is suited for continuous opera- 
tion for visual observation of the flow, and also for extremely 
short flashing operation used in photography. 


A NEW METHOD OF WOOD PYROLYSIS 
(Continued from page 30) 


such small continuous wood distillation units as those that 
have been produced by Roth and Strupp*® in Switzerland. 

Wood distillation in kerosene as presented above differs 
considerably from the partial pyrolysis of wood developed in 
1945 by Slaviansky in Soviet Russia and with the so-called 
fluidization process as presented in 1949 by Cook. The Sla- 
viansky method operating at atmospheric pressure merely 
produces partial decomposition of wood leaving brown wood 
in the retort with the recovery of acetic acid from hardwoods. 
This process, according to reports, is in commercial opera- 
tion in Soviet Russia. Brown wood is used as a fuel for 
wood-gas generators and for pencil slats. 

A fluidization process developed in Germany in 1936 for 
the distillation of coal must not be confused with the “kero- 
sene” process described in this paper. In that process coal 
undergoes partial pyrolysis while suspended in an atmosphere 
of rapidly moving uncondensed gas, leaving a char with about 
30 per cent content of volatile matter. This char has excellent 
value as a smokeless fuel. By-products are gases and tars. 
This process has many advantages in coal gas-plant opera- 
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tion. Fluidization of wood waste as reported by Cook, Rich- 
ards, and Krause? at the Stanford Research Institute* applies 
the fluidization technique for total pyrolysis of sawdust leav- 
ing final products in form of sawdust charcoal, but does not 
involve the use of an organic liquid-heating medium. 
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Notes and Comments 


RESEARCH ENGINEER JOINS STAFF 
Dr. Desiderius Vasarhelyi, 
recently appointed Research 
Assistant in the Engineer- 
ing Experiment Station, is 
a native of Hungary where 
he received his diploma of 
Civil Engineer (1933) and 
his doctor’s degree in engi- 
neering (1944) at the Tech- 
nical University of Buda- 
pest. He served the same 
institution for three years 
as a member of the staff of 
Prof. V. Mihailich, and later 
as a consulting research engineer. He spent 1933-34 
in studies and research at the Ecole Nationale des 
Ponts et Chausées, Paris, France, and also studied 
other French laboratories as well as the photoelastic 
laboratory of the University, College of London. 

Dr. Vasarhelyi has published papers in French, 
German, and Hungarian in his field which includes 
testing of materials, structural research, and photo- 
elasticity. He presented his most recent work at the 
1949 meeting of the Society for Experimental Stress 
Analysis in New York. 

In 1945 he left Hungary and after four years in 
Austria where he worked as a civil engineer with 
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the British, came to the United States to make his 
permanent home. He is a member of the SESA and 
an associate member of the American Welding So- 
ciety. At the Engineering Experiment Station Dr. 
Vasarhelyi is in immediate charge of the testing on 
the Navy project on welded reinforcements of open- 
ings cut in structural steel members. 


NORTHWEST ASCE TO MEET 

The second annual meeting of the Northwestern 
Conference of ASCE Sections will be held at Tacoma, 
Friday and Saturday, May 5 and 6. John Stackhouse 
of the Washington Department of Highways is gen- 
eral chairman of the Conference. 

Friday will be devoted to local sectional problems 
under the chairmanship of Professor Thomas Camp- 
bell of the Civil Engineering Department. On Satur- 
day morning technical sessions will be held pertaining 
chiefly to the Tacoma Narrows Bridge, and for the 
afternoon a field trip to the Bridge is planned. 


For the past two years the Manganese Products 
Co., Inc., of Seattle, has been using the phosphate 
process described by R. W. MOULTON in the 
January issue of The Trend. Daily production of 
fertilizer has been about 50 tons, most of it sold in 
western Washington and Oregon where the prevail- 
ing acid soil makes its use most effective. 


THE SAGA OF THE TACOMA NARROWS BRIDGE 
(Continued from page 8) 


damping and it appeared that any significant motion in the 
wind was quite improbable if the damping on the contem- 
plated bridge was as high as the experts supposed. 

The discovery of the effectiveness of this type of suspended 
structure broke the back of the aerodynamic problem on this 
bridge, and the end of our share in this undertaking appeared 
to be in sight. However, our attention had been directed down 
so narrow a path, where we were concerned only with the 
immediate Tacoma problem, that many profitable avenues had 
remained unexplored during our studies. The Advisory Board 
on the Investigation of Suspension Bridges, a national body 
on which the University of Washington was represented, had 
interests as wide as the whole suspension-bridge field. Thus, 
at their request, the laboratory has remained in full operation 
until the present moment, engaged in study of many impor- 
tant phases of the general problem. 

During this time Robert McHugh (Class of ’45) has been 
in charge of the operation of the tunnel and its instrumenta- 
tion, and a considerable procession of graduate students in 
civil engineering have worked out Master’s theses in connec- 
tion with this work. At the request of the Advisory Board, 
Dr. Friedrich Bleich prepared a monumental work on 
“Mathematical Theory of Vibration of Suspension Bridges” 
in connection with which the laboratory played a certain role 
in posing problems and then testing out the mathematical 
findings. C. B. McCullough and Richard Rosecrans, both of 
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the Oregon Highway Commission, were closely associated 
with the problem, as was George S. Vincent of the Public 
Roads Administration. 

Twenty-seven reports have been issued from the laboratory 
and a five-part final publication is now in preparation, of 
which Part I has been published and Part II is now in the 
press. 

However, with the start of construction, we find ourselves 
back in the same groove we entered so casually eleven years 
ago. There are still problems which the laboratory can serve. 
We have built a new erection model, this time under the 
direction of Professor H. P. Mittet, and Professors H. K. 
Moritz and H. H. Chenoweth have conducted tests in the 
Hydraulic Laboratory on the effectiveness of portions of the 
damping mechanism on the bridge. We have made proof tests 
on the suspenders which carry the roadway, and the Roebling 
Company has visited us with routine problems. 

As civil engineers, we are just as curious about this struc- 
ture as we were in 1939 and the groove between the labora- 
tory and the bridge site is wearing ever deeper. But in 1950 
we feel something of a proprietary interest in this structure 
since we had some small part in the weaving of its very warp 
and woof and when, in due course, spinning started on the 
main cables, we were there with our cameras producing a 
documentary film of this most interesting of engineering 
operations. 
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